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tod to his Focks by the Fat our of Au- 


my Lord, that the Reader is beholden; 
for this excellent Treatiſe of Water- 


Works ; which muſt be the more ac- 


pear'd in Engliſh upon this Subject, but 
what has been altogether trfling and 


which Tour Lordſhip has always cheriſh'd 
and countenanc'd, Experimental Philoſo- 
phy (to which I have more * | 

apply'd my ſelf,) has met with ſ6 much 
Encouragement, that I think it is not 
tions to my Patron in a publick Man- 
ner, unleſs I daily endeavour to pro- 
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Mon fieur De la H 1 & xs 


PREFACE? 


| 8 UCH as have hitherto treated of Hydrau- 


lics, have given us very curious Obſerva- 


tions concerning the Gravity, Velocity, and ſe- 


veral other Properties of Mater. Monſieur 


Paſchal's Treatiſe of the Equilibrium of Li- 


uors. is. one of the moſt conhderable, as well 
q 3 , 


on account of his fine Diſcoveries, as of his 
clear and convincing Manner of demonſtrating 
every Property; which makes us not doubt but 


that fo great a Genius would have certainly 
ex hauſted this Subject, if he had examin'd all 


the Parts of which it is made up. 

Monſieur Marriotte had been for many Years 
applying himſelf with more than ordinary Care 
in making the Experiments which are in Mon- 
ſieur Paſchal's Treatiſe, to ſee whether be might 


not have neglefied ſome particular Circumſtances, 


' which it might be worth his while to examine 
N 4 anew, 


* 


Vit ERET ACE: 
anew, And indeed in making the Experiments, 
be bas made ſeveral Obſervations which are not 
to be met with in Monſieur Paſchal's little Book, 
nor in any other written before : This inſenſi bly 
engag'd our Author in that Part of this Work 
which is the moſt uſeful, as the Meaſure, and 
what is calPd the Kxpence of Mater, according . 
to the different Heights of Reſervoirs, and dif- 
ferent Ajutages. hen he ſhews what Caution 
is requird in the conduci ing of Mater; and 
after having treated very amply of the Reſiſtance 
of Solids, be ſpeaks of the Strength requir d for 
Pipes which are to ſuſtain different Weights of 
Water. He had an Opportunity of, making ſeve- 
ral Experiments of that kind at Chantilly, he- 
fore bis Royal Highneſs the Prince, where the 
great Quantity of Water, and the Height of 
the Reſervoirs, ſupply'd him with all the Means 
neceſſary. He likewiſe made ſeveral at the Ob- 
ſervatory before the Members of the Royal Aca- 
demy. All thoſe Experiments examin'd, and re- 
duc'd to Method, are the Materials of this 
Work: ©. 
When he firſt fell ſick of the Difeaſe of which 
he died, he. deſird me to take Care of ths 
Printing of this Book, leaving me the Liberty 
F changing, or leaving out what 1 ſhould think 
it; but I thought it better to communicate it 
10 the Publick fuch as he wrote-it, than to add 
any thing o, my own. Nevertheleſs, if I bad 
| ana to have alter a any thing, it 1 


\ A bave 


have been with the Advice of the | whole Ac a- 
deny, which be binſelf would have conſulted 
upon any Difficulty. ate «x qr anc wit 
Half this Work was written fair. engugh for 
the Preſs ;, but I had na ſmall Trouble in pus- 
ting in Order 6e Memoirs as were given ma 
rs be Dont: os. 
I bave, as [4 as in we lay, endeqvour'd 6a 
have nothing obſcure or .confus'd. in the laſt 
Parts, and preciſely to fallow ibe Order that 
be propos d; nevertheleſs, I have nat dar d 
explain all tbe difficuls Places, leſt 1 [bal 
wander fram his Ngtions, or, perhaps, become 
darker H. ng 
I had alſo reſolb d to have added qt the End 
of the Book ſome Remarks that I bad made 
upon ſome Places, which might have explain'd 
or confirm d what the Author advances ; and 
among others, from Archimedes's Principles, to 
have given the  Demanſiration of the Mechani- 
cal Problem, where the common Proportion is in- 
verted; with ſome Obſervations that I bavg 
made upan the Origin of Fountains, and the 
Riſe of Vapours ; but I haue judg'd it moſt fit 
to give them ſeparately, with ſome other 57 
of Phyſicks, than to ſwell this Book with my 
own particular Thoughts. Op 
I had not ſo long deferr'd the Printing of this © 
Book, .if I had not been binder'd by 5 15k of 
great Conſequence, which Monſieur de Lau- 
yols did me the Honour to ſer me about. | He 


had 


hes — 
i EATTTATE ' {7 
bad himſelf conſider d, that the River Eure, 
from its Head, to the Place where it falls into 
the Seine, near the Bridge calPd the Pont d' 
Arche, up to which the Tide reaches, only goes 
thro 45 Leagues; and that from the Springs of 
that Head ſome Brooks ran with great Swiftneſs 
to meet the Huine, and ſo in the Loire quite to 
the Sea, at about 20 Leagues Diſtance from the 
common Source; that the Stream is very rapid, 
appears alſo from ſeveral Mills that it turns: 
2 qudg'd therefore that the Eure muſt have a 
very conſiderable Declivity. And a little after 
Monſieur Marriotte's Death, he order'd me to 
tale the Level of that River, in reſpect of the 
Caſtle of Verſailles. Tho' the Diſtance between 
that Caſtle and the Place where the Height of 
the River might be conveniently taken, was a- 
bove 20 97 my Levels taken thro dif- 
ferent Roads, and often repeated, have perfetily i 
agreed, and ſhewn me that this River may be 
eaſily conducted to the Height of the Caſtle of ii 
Verſailles ; and that at Founota, 7 Leagues 
above Chartres, it is 110 Foot higher than the 
higheſt Ground above the Caſtle. | N 

Running Water conducted in an Aquedud, is 
certainly to be preferr d to Water rais'd by En- 
gines, becauſe Repairs, which hinder the coming 
in of the Water, are not ſo often needed, and i 
the Water may come eaſily, and in great Plenty; 
but as in ſome Caſes Engines are very uſeful, i 
and altogether neceſſary for raiſing Water, it 
| were 


PREFACE. X} 
were to be ꝛviſbd that Monſieur Marriotte had 
left us in Writing his Opinion concerning the 
different Pumps and other Engines which are in 
uſe, or which have only been propos d for that 
Purpoſe ;, with an Examination of them, and a 
Calculation of what Quantity of Water each 
kind will raiſe, and how they are made uſe of 7 
according to different Circumſtances. He often 
aſſur'd me, that he intended that Subject for 
one Part of this Treatiſe ;, but I found nothing 
of it in his Minutes fit to be publiſb d. He had 
often chang d the Order of the Parts of this 
Work; but at laſt, a few Days before his Death, 
he gave me the following Diviſion, which bas 
been of great uſe to me, eſpecially in making up 
the laſt Parts. 3 | | 

This Book, containing a great Number of Ex- 
periments, and ſeveral Rules which are deduc'd 
from them, with Obſervations upon the ſaid 
Rules; I thought proper to ſubjom a very am- 
ple Table, that the Places which treat of any 
thing we have occaſion for, may be eaſily found. 
; This whole Treatiſe is divided into Five 

arts. | 


= 
= — — 
— ˙ 


The Firſt Part contains Three Diſcourſes. 

IT be Firſt Diſcourſe treats of ſeveral Proper- 
ties f Fluide. W 

The Second, of the Origin of Fountains or 


Springs. * 
The Third, Of the Cauſes of Winds. 
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Ihe Second Part contains Three Diſcourſes, _ | 
_ The Firſt, concerning the Equilibrium of | 
Fluids by there Feet, 7 ......' | 
_ The Second,, concerning the Equildrium. of | 
Fhuzds by taetr e 
The Third, concerning the Equilibrium of 
Fluids by their Impulſe. Sn im Re 
The Third Part contains Four Diſcourſes, | 
The Furſt, of the Inches and Lives which arg 
the Meaſures of 7 and ſpout ing Water. 
The Second, of the Meaſure of Spouting Wa- 
ter, according to the different Heights of the 
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Keſervoirs. e 
I The Third, of the Meaſure of” Spouting Ma- 
ter thro Ajutages of different Borex. 
Ibe Fourth of the Meaſure of running Water, 


£ 


«The Firſt , of the Height o perpendicular Fets, v 
I The Second, of the Height of oblique Jets. 


Ihe Fifth Part contains Three Diſcourſes. if 
The Firſt, of Pipes of Condu lt. 
The Second, of the Reſiſtance of Solids, of | 
the Strength of Seide, and of the Strength of 
Pipes to cqudnÞ Water. RA Wal wil 
"The Third, / the Diſtribution of Mater. 
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Of the Origin of Springs. 3 
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184. 


—.—— upon the Increaſe and Decreaſe of ſome * | 
18 
Of my and Lakes upon the T ops of high Mountains. 
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Obſervations upon the Quantity of Rain-Water. \ 21 


A Corput ation of the Water requir 4 to ebe the Seine. 
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Of the Original Cauſes of Winds. % 


Conjectures concerning the Cauſes of Winds. ? 7a 
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An Experiment upon the Adetion of the Air. 37 
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. chat would reduce che Propotcions in the following 
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V Wb. rein the Motion of Wa TER and 
gy 42m 1 FLUID 8, 8 conll der d. 
ee 
0 e era! Properties. of Fluid 
Bodies, the Origin of' Fountains, and 
the reer 25 Winds. EY 


\ Discovnss I. 
dae the ſeveral Properties of Fluid 
u bus - Bodies. 


Is AIR and Flame are Fluid Bodies ; 
Water, Oil, Mercury, and other 
|| Liquors, are Bodies bo both Fluid and 

| Liquid; for every Liquid is a Fluid, 

but every Fluid is not a Liquid. 
By a Liquid I mean ſuch a Fluid as 


Fong in 2 more ſufficient Ley, wo flop and 


extend 
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extend it ſelf under the Air, till its upper Surface 
be level; and becauſe Air and Flame want that 
Property, I fhall not call them Liquids, but only 
Fluids. Hardneſs and Firmneſs is oppos'd to 
Fluidity ; a hard and firm Body, as Iron, Stone, 


c. is divided or, paſs'd through by other Bodies 


with Difficulty ; and when jt has been paſs d 
through, its ſeparated Parts do not join again. 
On the contrary, Fluids are eaſily paſs'd through, 
but their ſeparated Parts immediately reunite; and 
in this Fluidity confiſts. For this Reaſon fine Sand 
may be call'd a Fluid, but not a Liquid; becauſe 
it does not run or flow upon a Plain ſomewhat 
inclin'd, and when a Veſſel is fill'd with jt, the 
upper Parts do. not of themſelves run to a 
WA . 4 
Water is moreover call'd Maiſt or Humid by 
| ſome Philoſophers, but improperſy; becauſe it is 
only that which is moiſten d or wet by Water, 


which may properly be call'd Humid ; and in that 


Senſe the Air is Humid, when fill'd with aqueous 
Vapours. Dryneſs is contrary to. Humidity z and 
a Cloath which is {aid to be Humid when it is wet, 
is ſaid to be Dry, when the Water wherewith it 
was wet is evaporated. / G75 CN 

Water is Hard and Liquid ſucceſſively. Its na- 


tural State is to be an Ice; that is, when no Ex- 


ternal Cauſe acts upon it, it remains Firm, and not 
© becomes Flowing and Liquid by a moderate 
Heat, and at the ſame time ſome of its Parts, riſe 
up in Vapours ; that is, in feveral little Drops 


*which are ſeparate from one another; and ſo ſinall, 


that the Eye cannot perceive them ſingly. Expe- 
rience proves this; for if you throw a burnir 
Coal into Water, at fuſt you'll ſee a thick'Sm 


: ariſe z 


HyDROSTATICKS. 3 
ariſe; but when it is ſo far ſpread in rifing, that 
the little Particles of Water are ſe from one 
another, you cannot perceive any of e. 
Thick r are ſometimes viſible, and ſome- 
times inviſible, according as their ſmall Particles are 
greater or leſs, more or leſs agitated. When they 
ate Viſible, and near the Earth, they are call d 
Miſts; and Clouds when they are higher. More 
Vapours riſe in a great, than in a moderate Heat; 
tho they will riſe in a ſmall Heat; nay, even when 
the Water is frozen. I have obſerv d, that Two 
Pounds of Ice, in extreme cold Weather, loſt about 
Two Drams a Day of their Weight: Whence we 
may infer, that when the Water begins to freeze, 
it {till retains ſome ſmall Degree of Heat; as Lead 
retains pretty much of its Heat, when it begins to 
harden after ir has been melted. 5 
There are in Water ſome ſtrange and hetero- 
geneous Parts, which are chang'd into Air by a 
great Heat; as when you ſet a Veſſel of Water upon 
the Fire, you may ſee ſeveral ſmall Bubbles of Air 
form themſelves at the bottom of the Veſſel, and 
afterwards riſe up to the top of the Water. It is 
not to be ſuppos d that they ſhou d proceed from 
the Flame which might paſs through the Veſſel, 
becauſe ſuch Bubbles do not riſe in Oil, when it 
has heen left a little while upon the Fire, to eva- 
rate its moſt aqueous Parts, not even though the 
ire be afterwards increas c. 23 
Such kind of Bubbles are alſo form'd in the 
Water when it freezes; and becauſe this Heteroge- 
neous Matter, which I call Aerial Matter, takes up 
moſt Space when it is reduc'd into Bubbles of Air, 
it endeavours to extend it ſelf; and finding no Paſ- 
ſage through the Ice, it 1 * it to break, 28 = 
| | p 
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the. Veſſels which contain it, if they be „ 
the Top than towards the Middle. 
| To underſtand why this Aerial Matter contain din 
the Water, takes up mote _ where it becomes 
Bubbles of Air; you may ſuppoſe Air. to conſiſt 
of a great Number of ' {mall Threads, m d and 
interwoven into one another, as the Threads. in a 
Piece of Wool or Cotton. For if you. immerge a 
Piece of Cotton in a. Glafs half full of Water, it 
will at firſt take up a Space according to its Bulk, 
and cauſe the Water to riſe confiderably towards 
the top of the Glaſs ; but by ſeparating the little 
Threads. by Degrees, you open the Cotton ſo, as to 
let the Water into all irs Intervals; then will the 
upper Surface of the Water deſcend almoſt to the 
Place where it was in the Glafs before the Cotton 
—_—_—_——__ . . 
This Experiment -fhews that the Air may, by 
little and little, inſinuate it ſelf into the Water, 
and take up much leſs Room than when it is in 
Bubbles; and that after it has been mix d, and as 
it were abſorb d in the Water, if by the Motion 
which Heat, or any other Cauſe may give it, it re- 
ſtores it ſelf to ſmall Bubbles, it will take up much 
more Room than it did before. 
You may by the following Experiment, know 
that Air will inſinuate it ſelf into Water. Boil Water 
for Three or Four Hours, and when it is cold again, 
fill a ſmall Glaſs Viol füll of that Water, then put- 
ting your Finger on the Viol, invert it in a Glaſs 
of Water, in ſuch manner that there be a Bubble 
of Air at qe top of the Water in the ĩmertEd Viol, 
about as hig as a Hazle· Nut; then you will find that 
in Twenty Four Hours this Air will diſappear. 
Put in another Bubble of Air almoſt as big, and it 
will alſo inſinuate it ſelf into the Water by Degrees, 
* © 2 | but 
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but mois Time | will be AA to wan it w 11 0 
ou May, 815 r the fam ake the Water 
luck in, everal fue Bubkcs Gus er anoth het: But 

at laſt t, when tl Water. is ſul iciently impregnated 
with em, the Water will ſuck i in no more 'of em; 

and a ſmall B f be of. Air of about, Two. Lines i in 
Diametęr, 1 above Fifteen Days upon the 
Water, Laer getting into it. This 15 more 
eaſily obſervable in Spirit of Wine ; for if 
you take a. : Glaſs half full of it, and put it into 
the Reteiv er of the Air pump, a great Quioti'y 
of this Acrial Matter will come out of it in laige 
DONS. 15 ſoon as you, have pump'd a pretty 
eal of the A ir outof the Receiver; but after a while 
3 more Bubbles will ariſe. Make the ſame Ex- 
iment with this Spirit, as you did before with 
e boil'd Water, only letting the Bubble of Air 
| he as big as the top of your Thumb; this Air will 
infinuate it ſelf into the Spirit of Wine i in leſs than 
| 5 2 And if you let in Bubbles of the ſame 
Two or Three times one after another, 
og wil mix themſelves with. the Water, as before; 
— if this Viol be put into the Air-Pump, that 
which was, as it were, diſſolv'd and inviſible in 
the Spirit of Wine, will come out of it in large 
Bubbles, as ſoon as you begin to pump the Air out 
of the Receiver : Which ſhews that it is = Air 
which comes out of Water, or other Liquors, 
when they freeze or boil, or have the Neight 
of the Air incumbent” upon them diminiſh'd by 
means of the Air- Pump; which I have explain'd 
More at large in my Treatiſe concerning the Nature 
of the Air., 

What happens to Water in its Freezing, I have 

atk d by the following e * 


5 3 Having 
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Having filkd à Cy lindrick Vella 's about 
Seven or Eight hs high, and Six inches Dia- 
meter, within Two Inches ” the Top with co 
Water, 1 expos it to the open Air in a great Froſt, 
and obſerved exactly the whole Frogteſs of the 


freezing of the Water. 
per Sarkic 


The e firſt Congelation was in the 1 
of the Water, in little long Shoots" or 1 
which were jagged like a Saw, the Water 
them remaining ſtill unfrozen, which froze by De⸗ 
grees, all bur a little Place in the Middle 155 
remain'd unfrozen, though the reſt of the | 
wa already frozen to the e rkickneks of more than 
two Lines. I obſerv'd that ſeyeral Bubbles of Ay 
were form'd in the Ice, that begun to fix on th 
Bottom and Sides of the Veſſel ; Woe would riſe 


up, and others remain d anger the Ice; hi E 


made me imagine that theſe Bubbles taking u 
mote Space in the Water than when their Mattet 
was, as it were diffoly'd in it, they, puſh'd up 
little Water through | the Hole at Top p., after th 
ſame manner that new Wine works gut at the Bung- 
hole of a Veſſel, when it begins to heat : And the 
little Water which oO d out at” this little Hole it 
the Ice, ſpreading it If upon the upper Surfac 
of the Water, which was already frozen, 
Ice alſo, and there began to on a Hi of Ice 
and that Hole continuing open, Me reaſon of th 
Water which paſs d ſucceſſively through it, being 
—ç d up by the new Bubbles, "which Sid them; 
ves in the Ice, which continued to ehcreaſe 5 


the Sides and Bottom of the Veſſel; I obſety d th 
the upper Surface of the Water was frozen wy.” 
an Inch think towards the Edges of the Veſſel, and 
above an Inch and an half —_ about. the little 
Holes: before the TIO thar was s contain - in it, 
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as in a Pipe, became frozen ; but at laſt it was fro- 
Zen ; then-the Middle 7 Wome remaining un- 
frozen, and the Water which. was compreſs'd by 
the new Bubbles, which form'd themſelves for two 
or-three, Hours, having no Iſſue out at the little 
Hole; the Ice broke at once towards the Top by 
the Spring of this included Air., I tried the Ex- 
periment a Second Time, and When the Ice was 
7 5 two Inches thick, I warm d the Sides of the 
Veſſel, to melt the out- ſide of the Ice, and by that 


— 


means drew it whole out of the Veſſel, without ſpil- 
ling the Water, which was contain d in the Mid- 
dle of the Ice: Then expoſing, this Ice to the open 
Air, that the reſt of the Water might freeze, it 
broke three or four Hours after; and I found a Cell 
in the Middle of about 13 Inch Diameter, contain- 
ing the Water that remain'd.ſtill unfrozen, which 
ran out upon the breaking of the Ice. I made the 
Experiment a Third Time, and having taken out 
the Ice as before, with a large Pin I made a Hole 
in the Ice, over the little Channel or Pipe aboye- 
mentioned, (where the Ice was an Inch higher than 
any where elſe, by reaſon of the Water which had 
00z'd out at the little Hole, and was there frozen) 
and as ſoon, as 1, drew out the Pin, ſome Water 
— out at the Hole, and then the Hole was 
ozen up again. Still as the Hole was frozen up, 
[ prick d the Ice till all the Water was frozen; | 
then I expos'd that Lump of Ice to the Weather, 
for a whole Night, without its breaking; which 
plainly ſnew'd, that in the foregoing Experiments 
the Spring of the Air-Bubbles , was. the only Rea- 
ſon of the breaking of the Ice. The Middle of 
this frozen Lump had about as much Air in it as 
Ice; but there were but few Bubbles towards the 
out fide in Proportion to the Ice. If by, boiling the 
— 4 Water 
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Water you drive the Aerial Matter out of it, beſore 
you ſer it out to freeze, you will have Ne two or 
three Inches thick, without any vifible Bubbles, and 
ſo tranſparent as to be as fit to burn by the Suns 
Rays as Convex Glaſſes do: And you may make 
this Ice convex in the following Manner. Take a 
Veſſel made hollow in the Form of an Hemiſphere 
of about Six Inches Diameter, and having put a 
Piece of this tranſparent Ice into it, ſet it upon the 
Fire to melt the out ſide of it, and pour out the 
Water as the Ice melts; then turn it on the othet 
Side, and melt ſome of it after the fame manner, 
till it becomes Convex on both Sides, and 'very' 
ſmooth; and being thus prepar'd , it will collect 
the Sun's Rays ſo, as to ſet Paper or Gunpowder' 
on fire. - Some People have believed that boil'd Wa- 
ter would freeze ſooner than other Water; but I ne- 
ver could find that the one froze ſooner" than the 
other, tho I expos d em both to the Air, having 
n,, 09H een 
In ſuch Places and Creeks where Water does not 
run in Rivers, a. great deal of Mud is gather d to- 
gether, out of which a great deal of Air riſes when 
you walk upon it, or when you thruſt a Stick into 
it; whether it be, that this Air is form'd there, by 
Degrees, out of the Aerial Matter contain d in the 
Water of the River, or that the Water ſinking 
through ſmall Channels, below the Bed of the Ri- 
ver, drives up the Air that happens to be there, 
which is Kopp by the Mud that it meets with in 
its Riſe. Beſides the Aerial Matter which is con- 
tain d in Water; it has alſo a Falminating Matter, 
as we may eall it, which I have diſcovered by ſe- 
veral Experiments like the following: Take a little 
Veſſel of, Braſs and Pewter, and having put a large 
Drop of Water into it, pour on Oil to the Height 
Fama tf . of 
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of about one Inch; then holding the Veſſel * 
Candle, ſo that che Flame may be juſt under the 
Drop of Water, ſmall Bubbles of Air will g0 out 
of it for ſome Time, and after a while ſcarce any 
but when the Oil comes to be heated, there will be | 
Fulminations in the Drop of Water, which will 
make the Oil 1 HU and break the Drop of way 
ter into three or 

This may be occafion'd by articles of Salts, or 
other unknown Matter, diffolv'd in the Water, 
which being heated to a certain Degree, N 
themſelves at once like Aurum fulminars.. \ , 

There is this Analogy between Oil and Water 
iz; That Oil is harden'd and frozen by a great — 
fee! of Cold, bat not ſo much as Water ; Thar/it 

swith a moderate Heat; That a great Heat makes 
it riſe up in Smoak and Exhalations, much of the 
ſame Conſiſtence with the Vapours that come qut 
of Water; And laſtly, Theſe Fumes, at leaſt their 
moſt ſubtile Parts are chang di into Flame by a very 
great Heat. 

Air, Mercury, and Water which tas A great | 
deal of common Salt diffolv'd in it, do not free#s 
or harden by cold, any more than Spirit of Salt- 
Peter; Spirit of Virriol and other ſpirituons Liquors, 
which — remain liquid and flowing, and are | 
made to riſe in Vapours by Heat. der 916] 
Mercury, Water, Oil, Wine, Spirit of Wine, 
and other Liquors, are dilated by a moderate Heat, 
and condens d by a moderate Cold, without ſhew- 
ing that any Air is contain d in em, no Bubbles 
coming out of em. Put ſome Oil into 2 Bottle, 
that has a long narrow Neck, and having warm d it 
moderately, you will ſee it riſe in the Neck, and 
as it cools come down to the Ball or Body of the 
Bottle, without perceiving that any Air gets into ar 

comes 
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comes out of it; nay, if having fill d the Bottle 
with warm Oil, having topp'd it with your Pin- 
ger, you invert it in cold Water, ſo that it be up to 
half. the Neck in it; when you have taken away 
— Finger, as the Oil cools, it will leave the 

eck to Tiſe all np into the Ball, and the Water 
will ſucceed: in the Neck ; hut if you warm the 


of Air form- 
themſelves either in its rifing or falling. This 
Effect is very ſenſible in the Spirit of Wine, that 
is, ſuch Glaſs-Thermometers as are Hermetically 
ſeal d: For in very cold Weather the Spirit of 


and drive out the Water, no Bubbles 


» 


Bottle in this Poſition, ene of A again 
or fa 


Weather is very hot, it riſes up to the Top of the 
Tube, though it be above Two Foot long. I have 
Teen Thermometers fill'd with Mercury inſtead of 
Spirit of Wine, whoſe Effect was the ame: 

Mercum does not rife in Vapours, without a ve- 


ry great Heat. I kept two Pounds of Merrusy in 


an open Bottle in a Cloſet, where the Sun ſhone 
all Summer; and I found its Weight after ſo long a 
Time to be ſenfibly the ſame that ĩt was at firft: But 
if you ſet it on a great Fire, it will riſe into inviſible 
Vapours, which being receiv d in an Alembick, will 
Again become running and liquid Mercury, as be- 
fore their Evaporatio nn. 
There is in Water a kind) of Viſcouſueſs, which 
makes it Parts ſtick to one another, and to other 
Badies, as to Wood and clean Glaſs, in ſuch man- 
ner, that a large Drop of Water will hang upon 
Wood or:falaſs without falling: And if you pour 
Water into à clean Glafs, without filling it, that 


above a Line and half higher than the Level of the 
zeſt. And though we cannot tell wherein a 8 
＋ I. wy TY Coulne 
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Wine deſcends: as. far as the Ball; and when cke 
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Part of the Water which is next to the Glaſs will riſe 
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cguſneſs conſiſts, yet its Effects are always Saks, 
After this manner two diftin& Drops of Water will. 
unite, into one, as ſopn as the) tuck one another” 
ever fo little, The fame Thing will happen to ww 


Drops of Mercury, or td co Drops of Oil 1: 


ſoitly upon Wat You. bring em to ronch ohe. 
another: The fame will alfo happen to thoſe But 
bles of Air, which are at the Bottom of a Diff 
fall of Watet, when, it has ſtood a While upon the 
Fire ; for if you puſh; em towards each other, wick 
4 Pit, or any. Thing #16, they will, after the fare 
manner, run into one another, T once faw about ts 
much Mercur) as ve Bier of a.Jarge Hazel-Nu 
run along a Wh tote Table; and as it Furt | 
little Hole in ) able, I obſerv'd that fome went: 
into the faid Hole, ing the reſt continuing to flow, 
was ready 9 om the ſmall Quantity that 
w3s. in the Hole, that Part which join d them ner 
bis above two, Lines broad ; but the Viſcouſhels: 
which joins the Parts of the Mercy nder d it, 
and all the reſt of the Mercury came back to what” 
"gs fa the Hole, and G ſettled .upan_and round 
about it. To explain the Reaſon of this Viſtouf: 
neſs as well as we can, we might ſay, That each Of 
theſe Subſtances having their Particles in conſtant 
Motion, the Particles of each Kind have a Figure 
proper to hook and unite themſelves to thoſe of 
the ſame Kind, and that they faſten to each other as 
oon as by their Motion they come to touch. Thee 
is another Conjecture, viz. That the Air having a 
ſtrong Spring, endeavours to reduce thoſe Fluid 
Bodies to the leaſt Space which they can take up, 
which is a Spherical Figure: But if this was true, 
then a Drop of Mercury and a Drop of Water 
won d bereduc'd into a Globe: Beſides, we find 
that in the exhauſted Receiver, Drops of — or 
271 1 > ; 7 2 . | 7 
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keep their obular Figur es. and 
Hy that er Li Air as ty 51 in 2 8 
2 In the midſt of theſe Dou ws. t us by tis- 
with the following Principle ; 7 . hat 
Huids of the ſame . are Git sd to unite as. 
Pan as they touch; and if you v Will, you m call 
this the Motion of Union. © 
There are alſo Bodies which Water either, will 
t ſtick to, or not without P en . 1 Jan 
ort- Leaves before they Jn 
Duck-Feathers ; if it lies d upon {ha Sala, 


is, in round Drops, or if it be in 4 p pretty larg 
wantity its outſide is unt and the reſt is a levi 11 


urface. Mercury does not adhere or ſtick to Glaſs, * 
Wood, or Stone; for which Reaſon it bas been 
calbd Quick-filver ; becauſe when it is in a ſmall 
Quantity, its Gravity makes. it toll upon thoſe Sub- 
fances, till it meets with Holes or Crevices that 
top. it; but ir ſticks eaſily to Tin, Gold, and ſome. 
dier Metals, into which it will fink fo far 25 to dif- 
ſolye the Continuity of their arts, and "together 
with them make that Body w hich: haute 5885 an 
Amalgam. . en r PLANE _ 


- ».# 
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| _ Prcounss II. 
of the Origin of Springs, or Fountains. 
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HE * Vapours which ariſe from the 
1 - Seas, Rivers, and Marſhy Grounds , being 
got to the Middle Region of the Air, form Clouds 
thete and grow cold: They cannot mount higher, 
becauſe they come up to an Air in thoſe Regions 
which being leſs condens'd than that which is near 
the Earth, is of a leſs Specifick Gravity, and ſo not 
able to ſuſtain them.” Theſe Vapours being toſs d 
about by the Wind, are driven againſt one another 
and ſtick together, ſo that by the Union of ſeveral 
unperceivable Drops, pretty large ones are form'd, 
which becoming heavier than the Air beneath them, 
235 they deſcend, meet with other ſmall ones, and fo 
are ſucceſhvely increaſed till they become Drops of 
Rain : Such Drops as come down from the higheſt 
Clouds are the biggeſt , becauſe they have more 
Space to increaſe their Bulk. And Ariſtotle was mi- 
ſtaken when he affirm'd the contrary : The Reaſon 
that he gives, is, That if a Pail of Water be thrown 
down from a very high Window, it will be divided 
into leſs Drops than if it had not been thrown down - 
from ſuch an Height. But this is a fallacious Com- 
pariſon; for certainly a Drop of Water as big as 
one's Thumb-End , falling through the Air faſter 
than a very ſmall one, is eaſily broken into two of 
three Pieces by the Shock of the Air; eſpecially 
When the Wind blows hard; and for that _ 


q — 8 


5 A an af 
the biggeſt Drops are ſeldom more than three or 
ur Lines in Diameter; and when to or three of 
theſe Drops Join together, they immiediately* part 

iting of-a great ma- 


again: But it is only by the uni 
Drops that one of three Lines in Diameter can 
be form d: And when Fogs grow thick, very ſmall 
Drops of Rain fall, which cannot well be perceiw d, 
unleſs ſome black Object be behind. | 
Since then Rain in its beginning be very ſmall, 
it is plain that it. muſt fall from 3 great Height in 
order to become large; and this is the Reaſon.why 
tbe Drops of Rain in Winter are commonly v 
| ſmall ; becauſe then the Clouds riſe but to a ſmalf | 
/ Height. I have obſervd, that when the Air was 
: cover d with thick Clouds, and the Rain fell in 
large Drops at the Foot of à very high Mountain, 
the Drops were leſs as I went up the Mountain; ang 
when I was almoſt at the Top, the Rain wag very 
mall, and I was then in a Milt , which ſeen from 
the Bottom of the Mountain appear d to be a Cloud. 
One Cloud driven by ſtormy Winds may ſucceſ 
fvely rain upon a Space of Fifty Leagues, which has 
often been obſerv d by the Damage which is done 
by the Hail of one ſingle Cloud. + lt 
The Rain Water being fallen, penetrates into. the 
Earth, through ſmall Canals or Paſſages in the 
Ground; ſo that when the Earth is digg'd pre 
deep, ſuch Canals are commonly found, who 
Water meeting at the Bottom of the Hole digg d, 
ſupply ſuch a Well with Water; but the Rain-Wa- 
ter which falls upon the Hills and Mountains, ha- 
ving penetrated the Surface of the Earth (eſpecially 
when it is light and mix d with Pebbles and Roots 
of Trees) often meet with Clay or Wax (as the 
Workmen call it) or continuous Rocks, along whi 
WI3runs without being able to penetrate them, till 
3 ing 
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being got to the Bertam of the Mountain, or to 

conſiderable Diſtance from the Top, it breaks out 

of the Ground and makes Springs. This Work of 

Nature is eaſy to prove: For, Firſt, The Rain-Wa- 

ter falls every Year in a ſufficient Quantity to ſup- 

py all the Springs and Rivers; as will be — 

.ſhewn by Calculation. Secondly, It is daily ob- 

ſery'd, that Springs increaſe or decreaſe in Propor- 

tion as it does or does not rain; and if during two | 

whole Months it does not rain much; 'moſt of them 

loſe half their Water; and if the Drought conti- 

nues two or three Months longer , they are for the 

moſt Part dtied up; and ſuch as are not, will be di- 

winiſh d by two Thirds, or three Fourths ; whence 

it may be concluded, that if the Rain was to ceaſe 

for one whole Year, either very few Springs wou'd 

be feft; and thoſe almoſt dry, or elſe they wou d be 

all dried up. by 3 

Great Rivers, like the Seine, often diminiſh at 

the End of the Summer, above ; of the Bulk 

which they have after great Rains, — the 

Drought does not laſt above Three Months to- 
ther: And if there be ſome Fountains which 
iminiſh only the Ralf, or the Third Part of their 

Bulk; the Reaſon of it is, becauſe they have great 

Reſervatories which they have digg'd in the Rocks, 

by carrying away the Earth, and by having made 

themſelves but ſmall Paſſages ;, which is the Rea- 

fon alſo why they don't increaſe ſo much as others, 

by continual Rains, Some Philoſophers give ano- - 

ther Cauſe for the Origin of Springs; which i 

that there ariſe Vapours from the inward Parts 

the Earth, which meeting Rocks in the tops of 

Mountains, that are in the form of Vaults, do there 

become Water, as in the top of a Still; and that 

Water afterwards runs out at the Foot, or at the 


- 
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Declivity of the Mountains; but that Suppoſition 
can hardly be maintain d. For if ABC, (HFgure 1.) 
isa Vault in the Mountain DE F adden that 
if the Vapoursſhou'd become Water inthe Concavejof 
the Surface A B C, that Water would fall Perpendicu- 
larly towards; HG I, and not towards 1 Or M. and 
conſequently would never make a Spring: Beſides, it 
is deny d that there are many ſuch hollow Places in 
Mountains, and it can't be made appear that there 
are ſuch, If we ſay there is Earth on the Side of, 
and beneath ABC, it will be anſwered, that the 
Vapours will guſh out at the Sides towards A, and 
C, and that very little will become Water; and be- 
cauſe it appears that there is almoſt always Clay 
where there are Springs, it is very likely that thoſ 

ſuppoſed Diſtilled Waters can't paſs thorough, and 
conſequently that Springs can't be Nene d by tha 
Means. OT 


Some Authors tell us, that Springs have ceas 
running, for having given Vent to great Subterra- 
neous Cavities, from whence there proceeded great 
Quantities of Vapours, which became Water in. 
thoſe Caves. It may be anſwered to that, That 
thoſe Stories are ſuſpected; but it is not denied but 
that there may be ſuch Diſpoſitions in the tops of 
Mountains, and chiefly of ſuch as are 3 with 
Snow, that the Vapours which would condenſe b 
| 2 with a great Body of Stone, as in a Sill, 
might form a little Stream of Water, which wo 
come out at the Sides; but we very rarely meet 
with them, and there can be no Conſequence drawn 
from this, as to the other Springs. It is again ob- 
jetted, that the Summer Rains, although very 
onal, don't penetrate the Earth. above half a 
oot, which may be obſerved in Gardens, and 


| tilled Grounds, I grant the Experiment; but I 
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maintain , that in uncultivated Land, and in 
Woods, there -ate ſeveral little Canals, which are 
very near the Surface of the Earth, into which the 
Rain Water enters ; and that. thoſe, Canals are con- 
tinued to a great Depth, as it appeats in Wells that 
are very deep; and that when it rains, Ten or 
Twelve Days Pllowin „at laſt the Surface of Till'd 
Ground is entirely moiſten'd, and the reſt of the 
Water paſſes into the ſmall Canals which are under, 
and which have not been broken by Tillage. 
Lou may ſee in the Cellars that belong to the 
Royal Obſervatory of Paris, ſeveral Drops of Watet 
which fall from the top of the natural Arched 
Roofs of Stone which are there; but it is eaſy to 
obſerve, that they don't proceed from Vapours, 
for they are always ſeen to run throught ſome 
Chinks, or through ſome little Holes of the Rocks, 
the other Places of the Rock remaining dry, or very 
little moiſt, and that happens after great Rains. 
There is even a Place where the greateſt Vault is, 
from whence there continually diftill ſeveral Drops 
of Water, but they proceed from an Accumulation 
of Water direQly above. i 
There are Quarries in ſeveral Places, where Roofs 
are in the Form of Vaults , which have not above 
20 or 30 Feet of Earth above; where it may be 
obſerved , that the little Drops of Water which 
are there formed, paſs through little Chinks be- 
tween the Beds of Stone; and that they proceed 
from Rains, becauſe they are never ſeen but after 
great Rains, and continue but a Fortnight or Three 
Weeks after it hath done raining : It may alſo be 
eafily conjectured , that the other Flowings of 
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— Springs are after the ſame manner. 
2 The 
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The Summer of the Year 1681, was very. dry in 
France, which cauſed moſt of the Wells and Springs 
to be dry d up in ſeveral Places; and though it was 
pretty cold towards the End of Ofober and the 
Beginning of November, the Waters continued to 
diminiſh ; which they would never have done, if 
Water had been formed by Vapours ariſen from 
ſubterraneous Places, and condenſed by the Cold- 
neſs of the Surface of the Earth. There is a Cavi- 

ty in the Cellars of the Obſervatory, wherein there 
was always Water from the Year 1668 to 1681. 
but the Drought of that Year dry'd it entirely, 

« that there was not one Drop left in February 1682. 
/ >. altho' it rained very hard for ſeveral Days in the 
Beginning of that Month : And the Summer fol- 
lowing having been very Rainy, the Water not- 
e did not return in the Month of Sep- 
zember, nor even during the two Years follow- 
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in : 
Tf upon a firm hard Piece of Ground into which 
the Water can't eaſily penetrate, 3 throw a great 
. > Quantity of Stones, Sand, and Rubbiſh mixed 
with Earth, to the Height of about 10 or 12 Fee 
there will be formed a little Spring in the low 
Place, which will continually run , if that Piece of 
Ground contains an Acre or two. 5 
Iſaw this Experiment in a Place where Rubbiſh 
had been heap up to the Height of about three 
Foot, which Place contain d about 500 Fathom 
where it happen'd that the Rain-Waters which fell 
upon that Place, and upon the Tops of the neigh- 
bouring Houſes, being detained by the Plaiſter and 
Rubbiſh, paſſed through by Degrees, and not bein 
able to penetrate the Pavement, and the hard Gro 
which was at the Bottom, ran together to the loweſt 
Place, where there was formed a continual little _— 
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of Water. Sometimes the Earth of Mountains is diſ- 
poſed after ſuch a manner, that the Waters that pene- 
trate may go out again, and run between Two Strata 
or Earths, or between the Earth and the Rocks; and 
then they can't be diſcovered but by making pretty 
deep Trenches upon a riſing Ground; and it often 
happens that Waters are gather'd in great Quantities 
by thoſe means, as it has been often practis d in ſe- 
There Wy ſome Springs which proceed from the 
Middle. of Mountains, and are formed when the 
Rain - Waters having found a Paſſage through this 
Sandy Ground, and the Clefts of Rocks, as far as 
two Thirds or three Quarters of the inward Part of 
the Mountain, meet with a continued Bottom of 
hard Clay, or Beds of continued Stone where the 
Water ſtops and is heap d up to a conſiderable Height, 
which preſſing on all Sides by it Weight, at length 
forces open ſome Paſſages thro the Clefts of the 
Rocks, towards the Bottom of the Mountain, Theſe 
Sorts of Springs jlaſt er than others during 
great Droughts ; and may be impregnated with di- 
vers Salts, and other Matters which are therefdifſolved, 
There are ſometimes found very high Springs in 
the Top of Mountains; and ſome affirm that 
they are in the very Top: I obſerved one of thoſe 
Springs in a Mountain two Leagues off of Dijon, 
which gives a great Quantity of Water ; and when 
you come very near it, you can't ſee above 40 Feet 
in Height of Ground above jit where the Declivity 
is very tteep ; but if you look at this upper Moun- 
tain. from a far off, you ſee it extend it ſelf with a 
gentle Shelving for above 500 Fathom in Length, 
and 200 in Breadth. Now, in that Space there 
falls Rain enough to feed that Spring, as ſhall be 
hereafter proved, _ be 7 YER 
C2 There 
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There are Lakes upon the Tops of ſome Moùn- 
tains which produce little Rivulets : that may hap- 
pen, becauſe there is Ground round about the Lake 

higher than the Level of the Water, and of a great 
Extent, M. Caſſni ſays, he ſaw in Tray à pretty 
large Lake upon the Top of a high Mountain, 
where there were here and there Elevations of more 
than half a League long, which were often coveted 
with Snow, the melting of which, together with 
the flowing in of Rain. Waters, might eafily feed 
the Lakes, which cught to have a hard Earth or con- 
tinued Rocks at the Bottom: It is commonly very 
cold there, which is the Rzaſon that that Water is 
e > 39 cnn ten 
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There is a Spring in Mount-Valerien; two Leagues 
from Paris, much of the ſame Nature: The 
Earth which produces it, is about 100 Fathom long, 
and 50 broad : It is near a Houſe, which ſtands about 
the third of the Mountain's Height. There are ſe- 
veral other Places on the ſame Side, in which Wa- 
ter is found, and little running Springs made there, 
by digging the Ground Seven or Eight Foot deep; 
for if after having found Water, the Trench is con- 
rinued Horizontally, inclining towards the Bottom, 
until you come to the outward Earth, you will 
have a Fountain that will ſeldom bedry'd up. There is 
on the other Side of the ſame Mountain, almoſt at 
the Bottom, a pretty large Spring which never dries 
up. There are alſo three or four upon M. Martre ; 
the higheſt of them is about 50 Foot from the Top 
of the Mountain; the Ground which produces the 
largeſt is but about 300 Fathoms long, and 100 
broad. It gives therefore but little Water, even 
after great Rains: The two others don't give each 
of them a quarter ſo much as the great one; and 
never run but after exceſſive Rains, 


The 
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The City of Lanęres is ſituated at the Extremity 
of a very high Eminence, which continues of the 
ſame Height for a League in length, and of mode- 
rate breadth. There is another Mountain oppoſite 
near the ſame Height and Length, and more than a 
quarter of a League wide; between thoſe two 
Mountains is a great Valley, through which runs a 
large Brook or little River, which proceeds from 
ſeveral Springs, which are not very far from the 
Top of. thoſe, Mountains; and it is eaſy to believe 
that they are produced by the Rain- Waters, which 
fall upon the Plains that are aboye, and that have a 
ſpacious Platform; moſt Water comes from that that 
has the greateſt Breadth. wt 17 Jr 

All other Springs are almoſt like this, and ought 
to have, confiderable Heights above their Heads. 
There is a: Plain fix Leagues from Paris, between 
the Valley 95 Palaizeau, and that of Marcouſſſ, 
which is above Two Leagues long and one wide, 
where there are ſeen Pools in, forme Places, that 
. are over-topp'd by the higheſt Places but by 5 or 6 
Foot, but the Ground is, very hard at about 2 or 3 
Foot deep, chiefly near the | Caſtle: of Beauregard, 
where ther are three or four of theſe Pools; and 
that Ground is ſo impenetrahle to Water, that to 
make à Conduit of Water, it was thought ſufficient 
to dig a little Ditch two or three Foot deep, and to 
fill it with Stones, without putting any Cement at 
— %% ], ͤu““ͤ sx 

It may be. objected, that there does not fall in a 
whole Year Rain enough to ſupply the great Rivers, 
that diſcharge themſelves in = Sea. | 

To ſolve this Objection, I make uſe of an Expe- 
riment which was made at my Requeſt Seven or 
Eight Years ago at Dijon, by a very skilful Man, 
and very exad in his Experiments. He placed _ 
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the Top of his Houſe a Square Veſſel, of about two 
Foot Diameter, at the Bottom of which there was 
a Pipe which conveyed the Rain that fell into it, in- 
to a Cylindric Veſſel, where it was eaſy to meaſure 
it as often it rained ; for when the Water was in 
the Cylindric Veſſel, there was very little exhaled 
during five or fix Days. The Veſſel of two Foot 
Diameter was ſuſtained by a Bar of Iron, which 
advanced above fix Foot beyond the Window, 
whereon it was placed -and fixed ; that it might re- 
ceive only Rain-Water, which fell immediately 
upon the Breadth of its Opening, and that there 
might not enter any but what was to fall according 
to the Proportion of the upper Surface. The Re- 
ſult of theſe Experiments, was, That in a Year there 
might commonly fall in Rain-Water to the Height 
of 17 Inches. The Author of a French Bock, en- 
titul d, De / Origine des Fntainer, affitms, that he 
made the like Experiment for three Vears; and that 
one Vear with another, there fell Rain to the 
Height of 19 Inches 2 Lines :. Cs Tr 
IIIl fay leſs than theſe Obſervations, and ſuppoſt 
that in a Year there falls Rain only to the Height of 
15 Inches; upon this Suppoſition, ere weld fall 
upon a Fathom in a Year 45 Cubic Feet of Water: 
And ſuppoſing that a League contains 2300 Fathoms 
in — a Square League contains 5,290,000 fu- 
perfieial Fathoms; which being multiplied by 45 
will give us 238,050,000 Cubic Feet. 
The moſt remote Heads of the Sine are near 60 
Leagues from Paris; to wit, thoſe of the River 
Armanſon, and of the other Rivers which fall into 
the Torne, and the Seine; if you trace them from the 
Springs that are neareſt the Loire, near the Charity ; 
and thoſe which fall into the Marne, from the Springs 
which are neareſt the Meuſe beyond ä | 
| | 0 


HYDROSTATICKS. 23 
The Diſtance of theſe moſt remote Heads from 
one another, is about 60 Leagues. If the Seine is 
cut by a perpendicular Line, which paſſes five or 
ſix Leagues from Paris, on the Side of Corbeil, 
there ate found Springs towards the Extremities of 
that Line, which are diſtant from one another 
about 45 Leagues. I ſuppoſe then that the Con- 
tents of that whole Extent of Land is 60 Leagues 
in Length, and 50 in Breadth , which makes 3000 
ou gues ; the Product of which being multi- 
plied by 238.050,000 amounts to 7 14,150.000,000; 
whence. it appears, that the Lands which furniſh 
the Waters of the Seine at Paris, receives from the 
Rain 7 14,150.000,000 Cubic Feet of Water in a Year. 
The Seine above Font- Roya! when it touches 
the two Keys, covering but very. little of the 
Extremity of Land on both Sides, for about the 
Breadth'of 400 Foot, and 5 Foot in mean Depth, is 
then in its mean Bulk, and its Velocity at the Surface 
is ſuch, that it goes 150 Foot in a Minute, but it goes 
250 when the Waters are at their greateſt Height: 
For a Stick which is carried in the Middle of the 
Stream, goes as ſwiftly as a Man who walks very faſt, 
which may be 15000 Foot in an Hour, and conſe- 
quently 250 in a Minute, which is 4 Foot in a Se.. 
cond: But becauſe the Bottom of the Water does 
not go ſo ſwift as the middle, nor the middle ſo faſt 
as the upper Surface, ( as ſhall be hereafter pro- 
ved) let us ſay for a mean Velocity 100 Foot in a 
Minute. * 
The ProduQt of 400, Foot which is the Breadth, 
multiplied by 5 the middle or mean Depth, gives 
2000; for it is 8 or 10 Foot deep in ſome Places, in 
others 6, 3 or 2; and the Product of 2000 by 100 
Foot makes 200,000 Cubic Feet, and conſequently 
there paſſes through a — of the Bed of the Ri- 
4 ver 
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25 ver Seine above Port- Royal, 200 Thouſand Cubic Feet 


in a Minute; 12.000,000 in an Hour; 288,000,000 in 
24 Hours; and 105, 120, ooo, ooo in a Vear; which 
is not the ſixth Part of the Water that falls by Rains 
and Snow, which is 714, 150. 000, oo. It is plain 


then, that if the third Part of the Rain-Water was 
to be exhaled up in Vapours immediately after it fel], 
and if half of the reſt was to remain ſome upon the 


Surface of the Earth to keep it wet, as it ordinarily 


happens, and ſome in the ſubterraneous Places under 


great Plains; and if only the Remainder ſoak d in 
thro little Conducts to make Springs underneath, 
or upon the Declivity of a Hill, there would ſtill be 
enough to produce thoſe Springs and Rivers as they 
now appear. If you take 18 Inches inſtead of 15 in 
the above-mentioned Calculation, you will have in- 
ſtead of 7 14,15. o, oo; 856, 980, ooo, ooo Cubic 
Feet; which will give eight times as much Water as 
the Seine. * 
To calculate the Quantity of Water in the great- 
eſt Spring of Mont-Martre, multiply 300 Fathoms 
in Length by 100 in Breadth, the Product is 30000 
Fathom, which will give at 54 Foot for every Fa- 
thom, 1.620,000 Cuhit Feet nearly in a Year. More- 


over the Soil of that Mountain is Sandy for the Depth 


of 2 or 3 Foot, and the Bottom is Clay; one Part 
of the Water of great Rains runs immediately to the 
Bottom of the Mountain, one Part of the Remain- 
der remains in the Land near the Top, the reſt runs 
between the Sand and the Clay; and if it be ſuppoſed 
to be but the fourth Part of the whole, which is 
5 G. Joo, co Pints in a Year, or 155,341 in a Day, 
which makes 6,472 in an Hour, and 107 in a Mi- 
nute, that Quarter will be about 26 Points in a Mi- 
nute, which is the Quantity that the Spring ought 
to give, and what it really does give, when it is a 
little higher than ordinary, * DIS 
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e, Discons 
Of the Original Cauſes of Minde. 


HE Original of Winds is much harder 

to diſcover than that of Springs, becauſe 
each Spring having the beginning of its Production, 
and the Iſſue of its Head» in one Mountain, one 
Man may obſerve all the moſt conſiderable Cir- 
cnmſtances; but one Wind extending it ſelf very 
often for the Space of a Hundred Leagues, there 
muſt of Neceſſity be ſeveral Obſervations at the 
me Time, to know where it hegins, -and where it 
ends, and what Space it takes up in Breadth. ©. 
I have ſeveral times, undertaken to have 'a Corre- 
ſpondence for theſe Obſervations in the Extent of 
Seven. or Eight. Hundred Leagues in ſeveral Places 
of Europe at the fame Time; as for Example, 
from Paris to Warſaw, and towards the Extre- 
mities of Italy, and Spain; from London to Cos. 
ſtantinople, and fo for every Hundred Leagues, 
and though ſeveral curious Perſons, to whom I had 
ſpoken of it, or writ to, had promis'd me to obſerve; 
and on my Side, I made my Obſervations very ex- 
actly at Paris, and at other Places, I could not- 
withſtanding have but very few Correſpondent Qb- 
ſervations, which I ſhall ſpeak of hereafter. uk 
Arxiſtotle, and ſome other Philoſophers, have 
thought that Winds proceed from the Exhalati- 
ons or Fumes riſen trom the Earth, when they 
are reflected, after their rifing perpendicularly 5 

| | | hig 


26 4 Treatiſe of 

high as the middle Region of Air. This Opinion 

has very little Reſemblance of Truth; for the Exha- 

lations ariſe very ſlowly, and conſequently their 

Reflexion can give but a very feeble Trembling to 

the Air, and produce but a very little Wind, which 

would blow commonly only in the middle Region 
of Air, and would never come down to the Surface 
of the Earth. It is true, that if there ariſes in ſome 

Places a vaſt Quantity of Exhalation and Vapours, 

they might take up room enough in the Air to repell 

a part of it in Circumference; but that Motion of 

Air alone would not be ſufficient to produce a con- 

fiderable Wind, which ſhould have a Velocity equal 

to that of moſt Winds. It would alſo follow, 

| "rrp Opinion be true, that there would come 10 

m the Kae towards the  Coalts of 
2 Spain, i® tlie ariſe little or no 

SY from the Waters of the Sea, but or 
2 Vapours; and nevertheleſs there you have 

often on vey violent Weſtern Winds. 

Monſieur Deſcartes, who was willing to 5 
Reaſons for all Things, thought that the Clo 
which were upon the Point of diflolving” in 
Water, might produce Winds, by falling downwards 

one upon another ; but he never conſider d 727 

there Is no Cloud © thick, but what has 4 great 

deal of Air in the Intervals of the Vapours of which 
it is formed, and that by that Reaſon u he Air which 
is between Two Clouds, may eafily 21 thorough 
as they approach one another, or fall from. en 
high towards the | Earth : Beſides , the upper 

Clouds deſcend ſo 8 upon the under, tuat it 
is impoſſible they ſhould give a great Velocity to 
the Air which is between; and there can never 
follow a Motion of the Air on one Side, which 


can be carried on to 0 any conſiderable Diſtance. The 
| Reaſon 
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Reaſon that Author gives to prove that high Clonds 
oduce Tempeſts; which is, that rhe greater the 
eight is from which heavy Bodies fall, 'the more 

. is the Fall 1 Aa meer oo 1 or that 

never happens, but only to very heavy ies, as 

Stones, — Metals z 2s to the Clouds which begin 

to deſcend when they are juſt ready to diſſolve into 


little Drops of Rain, the greateſt Velocity they can 
acquire in Kere. is to fall Five or Six Foot 
in 4 x and theſe little Drops may acquire 
he fame Velocity in falling only from the Height 
ifty Foot, That fame Author hath again en- 
deavoured to explain the Phenomenon of the Winds, 
by the unequal Dilatations of Vapours; and hath 
maintained, that the Vapours by dilating a Thou- 
ſind times more in eie than in the Air, 
ought” to be the Cauſe of Winds; bringing for Ex- 
ample the Wind in the Eolipile,; but all theſe Ar- 
guments are founded upon falſe Suppofitions. For 
it is not true 75 Water being mightily heated, 
produces only apours: for it produces alſo a 
great deal of Air, ad other Matters more ratified; 
28 has been before proved; and theſe together 
produce the Wind in the olipiles, and not the 
aqueous Vapours that the rarefied Matter forces out 
with it, For the Vapours, which are nothing elſe 
but little Particles of Water which the Heat ſepa- 
rates from the reſt of the Water, don't become 
Air, nor take up more Air for their being more 
rarified, fince that Dilatation is, ſpeaking properly, 
only a Separation of thoſe little Particles; as if 
when you throw up into the Air a Handful of 
Aſhes, or Duſt in a Room, the little Particles of | 
the Aſhes being ſpread, don't take up any more 
Room in the Chamber than when they were in the 
Hand, and don't thruſt out the Air ro make _ 
elves 
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ſelyes room: And if it was true, that the Vapours 
which compoſe a Cloud, were the Cauſe of Winds, 
the Cloud would remain immoveable, and would 
drive the Winds on all Sides round about it, which 
is. contrary to Obſervation ;. for it is found by Ex- 
perience, that the Winds -puſh, and drive the 
Clouds on one Side, and that they are much 
roader than the largeſt Clouds. I obſerved ons; 
y, whilſt I was upon the top of. the Platform 
of the Obſervatory, that there came a large Clouds 
from the Weft , from which there fell a very heavy 
Rain ; that Rain fell within Three Hundred Fodt .6f 


gone by, and 
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When for any. Cauſe ſdever, there ariſes a conſide- 


them up one upon another in a little Time; for if it 
blows with a Velocity able to go Twenty, or Twenty 
Five Foot ina Second, it may go Six ot Seven Leagues 
in an Hour, and form a Cloud of above a League in 
Bread th, and a League in Length, as was that of which 
I juſt now ſpoke: And laſtly, when the lirtle-Particles 
of Water, of which the Vapours are form'd, are 
mightily preſſed by the Wind, Drops of Water 
are formed of them, as has been formerly ex- 

we: e plwain'd; 
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lain d; from whence it follows, that it is the 
Wind that produces the Clouds and the Rains, and 
that the Clouds don't cauſe the Wind. 

Here follow ſome Conjectures that appear very 
likely, upon the true Cauſes of Winds; which I have 
grounded upon ſeveral Obſervations which I have 
made, or caus d to be made; or that I have de- 
duced from ſeveral Relations of Sea Voyages. 

I ſuppoſe that what Swiftneſs ſoever can be 
given to a: Space of Air of the Bigneſs of a Cloud, 
it cannot continue a ſenſible Motion through the 
reſt of the immoveable Air, but for about a quar- 
ter of a League at moſt ; which is eaſy to prove 
by Experiment, by puſhing the Wind of a pair 
of Bellows from one -end of a Room to the 
_ ER 
- T ſuppoſe befides, that more Vapours. riſe from 
the Waters of the Seq than from the Land, and 
more Nitrous and 1 Exhalations from 


ſuch Parts of the Earth which are not cover d, than 
from thoſe which lie under Water. | 


This being ſuppos'd, I ſay there are Three Prin- 
cipal Cauſes of Winds, and ſome other particular 
and leſs important ones. The Three Principal 
and uſual Cauſes are, Firſt, The. Motion of the 
Earth from Weſt to Eaſt; or, if that Hypotheſis 

be -— po of, that of the Heavens from Eaſt 
to eſt. 

Secondly, The Viciſſitude of the RarefaQions 
of the Air by the Heat of the Sun, and of its Con- 
denſation when the Sun ceaſes to warm it. 

Phirdly, The Variation of the Riſe of the Moon 


towards its Apagæon, and of its Deſcent towards 
its Perigæon. 2 


; The 
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The moſt conſiderable of theſe particular Cauſes 


8 are, Firlt, Some extraordinary tions and 


— which rife from "the Farth in certain 
| Secondly | The Fall of great Rains or Hail. 

- Thirdly.” „The 1 of Sulphureous and 

nitrous Exhalations in Earthquakes. 

©  Fourthly, The ſudden Melting of the Snow. on 
the High Mountains. 
Now theſe particular Cauſes ſtrengthen the 
Princi pal ones, or leſſen and prevent their Efforts, 
+ according to the Diverſity of Places and Times, 
by feveral Combinations. The Eruption of Exha- 
lations may be very irregular in Periods of 
Time, and in their Quantity and Force; for we 
ſee Irregularities in the Periods of Earthquakes, 


and in the Variation of the Magnetick Needle ; and | 


we may impute the one and the other to ſome 
great Changes which hap ppen from Time to Time 
in the inner Part of the Earth. We alſo ſee, that 
Volcano's do not vomit up their Sulphureous 
— in Limited and Periodical Intervals of 
Time 

By theſe general * particular Cauſes, it will be 
an eaſy Matter to explain all the Winds in the fol- 
lowing manner. 

It is manifeſt, if the bart moves about its 
Centre from Weſt. to Eaſt, that the Surface goes 
much faſter under the Equinoctial Line, _ at 
Thirty or Forty Degrees of Latitude on either Side 
of it; and that this Surface draws with it the Air 
that is near, but with leſs Swiftneſs; and that 
Motion of the Air ought to appear from Eff 
to Weft, to thoſe who are under the Equator, and 
quite to a Latitude of more than Twenty Degrees 
on each Side; for this Motion being ſivifier than 


that 
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that of the Air, they muſt conſequently be ſenſible. 
of the Shock of the Air which they meet ſucceſ- 
ſively; and from thence proceed thoſe Winds 
call's Trade-Winds, which uſually blow between 
the Two Tropicks; but with this Difference, that 
when the Sun is at the Tropick of Cancer, it 
commonly proves an Eaſt- North Eaſt, or North- 
Eaſt Wind; and when it is near the Tropick of 
Copricorn, this Wind is generally South Eaſt, which 
we may eafily explain from the Second Cauſe ; 
viz. the Rarefaction of the Air, excited by the 
Heat of the Sun : For when it is in the Signs of 
Capricorn and Sagitarius, it warms the Air very 
much: From whence it. happens, that this Air 
being extreamly dilated, and that which is under 
the oppoſite Signs being condens'd at the ſame 
Time 5 the Coldneſs of the Winter which then 
reigns there; it muſt neceſſarily cauſe a Motion 
of the Air from the Sauth to the North; which join- 
ing with the Motion which goes from Ezft to Weſt, 
it ought to make a Wind compounded. of Two, 
viz. South-Eaſt, or. Eaft-South-Eaſt : But on the 
contrary, when the Sun is in the Tropick of 
Cancer, it ought to cauſe a Motion of the Air, 
from North to the other Pole; which joining 
with the ſame Motion from Eaft to Weſt, makes 
the Wind North-Eaſt, or Eaſt-North-Eaft. 

Some Pilots affirm, that Weſterly Winds gene- 
rally blow in the Ocean, from the Twenty Se- 
venth Degree to the Fortieth. I ſhall explain theſe 
Winds in the manner following, taking the 
ies Third Degree of Latitude for an Ex- 
ample. | 

The Air that is between the Two Tropicks, 
goes ſomewhat leſs ſwift towards the Eaſt, than 
the Earth which is under it ; for we perceive uy 

ut 
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but a gentle Wind, which does not go above Five 
or Ten Foot in a Second; whereas the Surface of 
the Earth which is under the Equator, goes about 
1423 Foot in the ſame Time: But the Surface 
of the Earth at the Thirty Third. Degree of La- 
titude, does not go more than 1195 Foot; and 
conſequently if the Air which is in this Parallel, 
went as faſt as that which is under the Equator, it 
would go faſter than the Surface of the Earth about 
228 Foot in a Second, Now if the Air of the. 
Twenty Third Degree had no Motion but that 
of the Earth, which being under it, carries it 
along, we ſhould there feel an Eaſteriy Wind, 
Whoſe Velocity would be about Eight or Ten 
| Foot in a Second; but becauſe the Air from the 
Equator to the Tenth Degree, draws along that 
which is on the Side, always diminiſhing to the 
Thirty Thitd Degree, it may happen that this 
Diminution will be reduced to Twenty Foot 
in a Second; fo that being Join'd to the Diminu- 
tion of Ten Foot in a Second in a different Di- 
rection, which muſt happen if there was no other 
Cauſe, the Air will be chere caus'd to go Ten 
' Foot in a Second more than the Sutface of the 
Earth towards the EA; and we ſhall there 
feel a Weſterly Wind as great as the Trade-Winds 
which are between the Two Tropicks. To this 
we may add, that the Trade-Winds meeting with 
the Coaſts of America, that are ſhap'd like a half 
Moon, from Cayenne to the Gulph of Mexico, may 
be reflected againſt their high Mountains, and 
aided to produce theſe Weſterly Winds, and en- 
creaſe their Velocity, 2 
And theſe Winds would always blow thus, if 
it was not for one, or ſeveral of the Cauſes before- 
mention d. = | 
* There 
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There are a great many Places between the Two 
Tropicks, which produce extraordinary Winds 
that come from the Lands towards the Sea upon 
the Approach of Night, and from the Sea againſt 
the Coaſts, from the Sun's Riſing till Noon; 
we ſhall explain theſe Winds in the following man- 
ner. | 
Suppoſe there was a great Iſland at the Fifteenth or 
Twentieth Degrees of Latitude , where the Trade 
Winds may blow bur feebly ; the Sun warming 
the Land of this Ifland from Noon, to Four or 
Five a Clock at Night, and at the ſame Time 
the Sea which is near cauſes no ſenſible Motion 
of Air; but immediately after Sun ſet, the Air of 
the Sea condenſes very much in cooling, and the 
Earth of the Iſland preſerving its Heat for a long 
Time, the Air which is above condenſes but by little 
and little, and much leſs at firſt than that of the 
Sea; from whence there ought to proceed a Wind 
by the Motion of the Air of the Ifland, which 
runs to fill the Place of that which is ſo much 
condens'd above the Neighbouring Sea. Bur as 
ſoon as ever the Sun is riſen, the Iſland being 
made cold by the Length of the Night, and the 
Air being there pretty much condens'd, there | 
ought to be a Reflux of Air, which had mov'd | 
towards the Sea in ſuch Proportion, as to 
cauſe a ſmall Wind from the Sea againſt the 
Coaſts. : | 
The Viciffitudes of Winds, or their Flux and Re- 
flux, are further obſerved, according to ſome 
Relations along the Mediterranean Sea, in cer- 
tain Seaſons of the Year ; for it is affirm'd, that 
there is an Eaſterly Wind there in the Morning, 
and a Weſterly at Night. The Firſt may proceed 
from the Dilatation of 5 which is made . 
the 
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the Countries Eaſtward of this Sea, vis. Natolia, 
Arabia, &c. where the Sun is already riſen very, 
high; and when it riſes, with reſpeQ to the 
Middle of the Mediterranean, this Dilatation may 
- cauſe an Eaſterly Winds near the Iſlands of Malta 
and Sicily; but a Weſterly Wind ought to blow 
there from Two or Three in the Afternoon, till. 
late in the Night, by Reaſon of the Dilatation of the 
Air by the Heat of the Sun, which then warms 
very much the Land which is beyond this Sea in 
Spain and Africa, and ceaſes to warm that which 
is near the Haſt; from whence a Reflux of Air muſt 
neceſſarily proceed from Weſt to Eaſt in the Mid- 
dle of the Mediterranean 43 
In the Beginning of November, in the Iſle of 
France, in Burgundy and (Champagne, there are 
generally South Winds which bring great Rains, 
becauſe then that Part of the Earth near the North: 
Pole, not ſeeing the Sun any more, the Air through 
exceſſive. Cold, is there very much condens d, 
whereby the Land of Africa being mightily warm'd, 
drives its Air thither for many Days together, 
fo as to heap it up beyond an Equilibrium, 
whence flowing back, it cauſes a North-Eaſt Wind, 
which is mild enough, by Reaſon of the South 
Wind, which has there brought a warm Air, 
which coming to make a Reflux, cauſes fine Wea- 
ther, without cold, for. Three or Four Days toge- 
ther; and this is. what the French call the Summer 
of St. Dennis, or St. Martin. 
It is eaſy to conceive, that. when the Sun. ſhines 
Perpendicularly upon a great Part of the Earth, 
the Air above it is pretty warm, and extends it 
ſelf erery way in Circumference; and that when 
the Air. is there made cold by the Abſence of the 
Sun, there ought tobe a Reffux of Air, This Fu 
S 8 8 
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and Reflux of Air is often ſeen in little : Mr. Huy- 
gens told me, that one Day he had obſerv d when 
his Chamber was very cloſe ſhut, that the Mer- 3 
cury in his Barometer, which was one of thoſe 
wherein the Liquor finks by the Increas'd Gravity of 
the Air, and whoſe Variations are very ſenſible, - had 
fallen and riſen ſeveral times alternately in a Quarter 
of an Hour. I attributed the Cauſe to ſome Wind 
that was heaten down in the Chimney of his Cham- 
ber, which having there preſs'd the Air, had given it 
a greater Spring, which had made the Liquor fink 
in the Barometer. And this denſe Air, having the 
Liberty- to extend it ſelf afterwards by the Ceflation 
of the Cauſe, repaſs'd through the Chimney, and its 
Spring being diminiſh'd, the Liquor of the Barometer 
roſe, And becauſe the Motion acquir d by the Air 
which went back again up the Chimney, made much 
more go out than was agreeable to the Proportion of 
an Equilibrium, it made another Deſcent of Air 
through the-ſame Funnel, which put in Confuſion the 
Condenſation of the Air of the Chamber beyond an 
Ezuilibrium, and caus d the Liquor to fall in the Ba- 
rometer; and ſo on diminiſhing by little and little, 
till the Eguilibrium return d. ̃ 

I have ſeen the like Effect in a Lime-kiln; it | 
was like a little Arch'd Chamber with a Window | 
in the Middle of about a Foot and a half Square, 
throngh which was thrown the Wood to feed 
the Fire. Ir happen'd that the Fire being' very 
great, the Air that was ſhut up, dilated extreamly, 
and Part went out of the Window with a great 
deal of Velocity, and the. Fire being then di- 
miniſh'd by the Defect of Air, the Heat of the 
Air being ſhut up, diminiſh'd, and conſequently 
becoming leſs rarified, the external Air neceſſarily 
re-enter'd at the Window, in Form of a Wind that - 
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blew and lighted the Fire again, which made the Air 
dilate again by an Increaſe of Heat , and made 
it go out again at the Window. 

This Variation made a kind of Reſpiration like 
that of Animals. Thoſe who have been uſed to this 
Work aſſur'd me, that the fame Thing is univer- 
fally done in all their Lime-kilns : I further ob- 
ſerv'd, that Butterflies, and other Inſets that fly 
about the Candle in the Night, being about a Foot 
or Two from the Window, were drawn into the 
Kiln by the Air which enter d with a great Ve- 
locity, after it had been driven our of it. The 
Times of each Reſpiration was Three or Four 
times longer than that of Animals. 

I have found by ſeveral Obſervations, that at 
Paris, and in the Neighbourhood, the Winds 
in Fifteen Days almoſt make an entire Revolution, 
blowing ſucceſſively from all the Points of the 
Horizon, and that at Full and New Moons, the 
Wind is moſt commonly North, and North-Eaſt, 
That is toTav, if there be a North Wind at New 
Moon, it paſſes to Eft in Three or Four Days, 
and then to South; and then Weſt, and returns to 
North near the Eull Moon; from whence it repaſſes 
ſucceſſwely to Eaſt, South, and Weſt, and returns 
to North, or North-Eaſt, at Full Moon. Some of 
theſe Winds turn ſometimes a little backward, as 
from Weſt to South-Weſt, and from North. Eaſt to 
North, and then theſe Winds laſt for Seven or 
Eight Days; but they very ſeldom go quite round. 
It happens alſo ſome times, that the Wind paſſes 
from Weſt to North- Eaſt, and from Eaſt to South- 
Weſt, without ſtopping at any intermediate Points. 
| Theſe Revolutions of Winds, may be explain d 
by the Third and Principal Cauſe, in the follow- 
ing Manner, ©. 3 5 EATS OS SOL SS 
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It is very probable, that the Moon rifing up to 
its Apogeon, muſt carry a great deal of Air with 
it, it we ſuppoſe it to ſwim in the Air, and that 
its Diameter is about Five or Six Hundred 
Leagues, as the Aſtronomers affirm ; for in going 
from the Earth, it ought to carry along with it 
the Air which is next to it; and that, the Air 
which is below, even to the Land that is under 
the Torrid- Zone; and for this Reaſon the Air 
which is near the Poles on each Side, muſt flow 
thither to preſetve the Equilibrium of its Spring, 
which produces a North Wind towards the Middle 
of the temperate North- Zone; which joining with 
an Eaſterly Wind that is produc'd by the ſaid Firſt 
Cauſe, viz. (by the Motion of the Earth) makes 
up the North Euaſt Wind which commonly blows 
at Paris at the new Moons. 

There ought likewiſe to he a ſmall Northerly 
Wind by the great Motion of the Air carried by 
the Earth, from the EquinoCtial Line, to the 
Fiftieth or Sixtieth Degree. I made an Experi- 
ment with a Ball of Lead of about Two Inches 
Diameter, which I turn'd round very faſt near a 
Pail of Water, and it drew up the Sediment 
which was at the bottom of the Pail ; and then 
having ſuſpended a Ball of about Eight Inches 
Diameter, and turning it round pretty faſt, it 
made a great Motion of Air Sideways, and 
another very ſmall one upwards towards the 
Pole of the Ball; which 1 farther confirm'd, 
by placing ſome Down Feathers upon the top of 
a Perpendicular Stick, diſtant abour Two or Three 
Inches from the Ball, which endeavour'd to mount 
up towards it; but this Wind was very weak 
From whence we may judge, that the Air to- 
wards the Poles moves againſt the f arth, and 

| D3 may 


may be extended 
diately after this 


as * Low of 


-Weſt to Eaſt, may cauſe only an Eafterly Wind, 
which generally laſts but for a Day or Two; For 
the Moon returning to her Perigæon, puſhes the 
Air reciprocally towards the Poles, whereby there 
is at firſt a South Eaſt Wind, by the Combination 
of this Motion of the Air towards the Poles, and 
of that which comes from the Ea. The South 


Degree, as has been ſaid before, and which may 


comes to cauſe the South Weſt Winds; and the Re- 
flux of the South having ceas'd, a Weſterly Wind 
only can ſucceed till the Reflux of Air, (which the 


Motion, which we have before-mention'd) cauſes 


| the River, ne Ebb or Reflux begins at the Mouth of 


o the 5oth Degree. And imme- 

uſe has ceas'd , and before the 
Reflux of Air, elevated by the Moon, returns to- 
wards the Poles, the Motion of the Earth from 


is then predominant, until the great Motion of the 
Weſterly Winds (which blow as far as the 4oth 


ſometimes extend themſelves Five or Ten Degrees 
farther, advancing a little towards the Northern 
Climates, and mixing with the South Winds) 


South Wind had puſh'd towards the North, join d 
to that which is carried by the next Elevation of 
the Moon towards its Apogeon , and by the ſmall 


Moon. 

This Period and Variation of Winds happens 
twice in every Lunar Month. I have obſerv'd it 
for ſeveral Years together, and though there may 
happen ſome Irregularities by the Combinations 


the North and the North Eaft Wind , as at New 


of particular Cauſes ; yer I moſt commonly found 


that the North Eaſt Wind blew at the New and 
Full Moons: And the South and Weſt at the Qua- 
dratures. But we may obſerve, that as in Rivers 
where the Flux of the Sea is puſh'd very high up 


the 


” 
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the River, whilſt the Flux or Flood ſtill continues 
towards the moſt diftant Places; ſo the North or 
North-Eaſt Wind does not blow at Paris, whilſt 
the Moon is in its Apogeor, till after it is got much 
nearer to the Earth. 

It is alſo an eaſy matter to coriceive that when 
the Moon is near the Tropick of Capricorn ia its 
greateſt Southern Latitude, the Air which it raiſes 
or repels then, takes up more Time to make its 
Motion ſenſible towards the Northern Countries, 
than when ir is at its greateſt Proximity to the Nor- 
thern Pole; and even that the Motion may be too 
feeble to extend it ſelf towards the Fiftieth Degree 
of Northern Latitude. I have obſerv'd ſeveral 
Times at Paris, that the Wind having been North 
Eaſt for Seven or Eight Days together, and where 
the Sourh Winds ought to have blown in theit Turn, 
the North Eaſt blew {till below; but there were 
ſome very high Clouds, that were carried at the 
ſame Time by the South Wind, though very ſlowly 4 
which made me imagine, that towards the Forrieth 
Degree of Latitude the South and the South Weſt 
Wind might be powerful enough to blow there 
alone. It muſt needs happen alſo, that the unequal 
Elevations of the Moon will make conſiderable 
Differences with reſpect to theſe Winds, as well 
with reſpect to their Force, as to the Days when 
they ought to blow. Ir is likewife neceſſary that 
there ſhould be many Irregularities in theſe Winds, 
by the Mixture of particolar Cauſes , of which we 
ſpoke before: But theſe Winds are generally more. 
regular in Places where there are the feweſt Moun- 
tains, as in the e of France and Champaign, than 
in very mountainous Places. 


D 


40 <# Treatiſe of 


The Motion of Winds is not uniform any more 
than the Current of Rivers; and as in theſe ſo in 
thoſe - are Waves and Turnings, which we call 
Whirlwinds, that have different Velocities. We 
may obſerve in great Storms, that within the Com- 
paſs of a quarter of a League, where the greateſt 
Part of the Trees have been blown down, there 
are yet ſome Places where there are ſome left ſtand- 
ing, by Reaſon the Wind has not there been ſo vio- 
lent. We may alſo remark, that all Winds blow 
by Firs and ſudden Blaſts ; which we cannot but be 
ſenſible of by the Sound of Bells which diminiſhes 
and increaſes in ſmall Intervals of Time ; of which 
theſe are the Cauſes. Suppoſe there was a mighty 
Wind, and of great Extent, that ſhould meet with 
Houſes towards G, (Eig. 2.) and ſmall Eminences, 
which ſhould make it reflect in ſome Places, and 
make Waves nor parallel, as A, B, C, D. Ir is evi- 
dent, that the Spring which they will make by 
their Congreſs at B, will make the Wave BD, go 
much faſter; and that that which is in the Dire- 
Sion G B will then ſtrike tlic Ear more feebly at 
B. The ſame Thing conſequently happens in all 
the other Places of the Wind. | 

It happens ſometimes that when a great Wind 
meets Sideways with another more weak, whether 
it be oppos d to it or not, it carries away the Air 
which is neareſt to it, and turns it round with a 
great Velocity; and this turning round of the Air, 
which we call a Whirlwind , goes on with the 
ſtrongeſt Wind, and carries away whatever it heaps 
together, which is not very heavy; as Duſt, dried 
Leaves, and even whole Cocks of Hay, which will 
ſometimes fall above a Quarter of a League diſtant 
from the Place where they were taken up. Theſe 
Whirlwinds ſometimes, raiſe up likewiſe a great 
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tity of the Sea Water, which appears to thoſe who 
ſee it at a Diſtance to be a great Column of Wa- 


ter. 

We ſee an Example of theſe Winds that ſtrike 
one another Sideways, but in a contrary Senſe, in 
ſome Chimneys when we have made a great Fire 
in them, the Chamber continuing ſhut : For the 
rarified Air and the Flame which riſes, makes ſome 
Part of the Air of the Chamber to follow; and 
that which remains being - this Means too much 
dilated, ſome muſt neceſſarily come down the 
Chimney, which brings back ſome Smoak with it, 
and diſperſes it throughout the Chamber, and com- 
monly the Smoak and rarified Air mount up on 
one Side, and the condens'd Air deſcends on the 
other, with a confiderable Quantity of Smoak ; 
but to avoid this, we leave a Window or Door 
half open: For the Air which comes in follows 
the Motion of the Smoak up the Chimney, and 
ſufficiently fills the Chamber; and if there was on- 
ly an Hole of an Inch Diameter in the Window or 

r, for to ler in the Air, there wou'd enter a 
Wind great enough to put out a Candle that ſhou'd 
be expos'd to it. | 

When the Wind meets with an Obftacle, as a 
great Wall, it changes its Direction, and is beaten 
down beyond this Obſtacle, as you ſee in Eg. 3. in 
which A B repreſents the Wall, and the Lines 
CA, GH, IL, FB, the Direction of the Wind 
being free. Now it is evident, that the Air is put 
to its Spring between A and B, and that not ha- 
ving Power to extend it ſelf downwards, it ex- 
tends it ſelf on the Side CA, even to DE, and 
the Air which is towards R, having bur a little 
Motion, that which is at DEM, is puſh'd thi- 
_ther by that which is above; it from M to N, as 
we 
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we ſes it happens in Water, beyond the Piles of 
Bridges, where it is very rapid. 

From whence it follows, that if on that Side 
from which the Wind comes , there be a Wall 
higher than a Chimney , the Smoak can hardly 
come out, becauſe the Wind beats down in a Whirl. 
wind, after having paſs'd the Wall, and forcibly 
enters the Funnel of the Chimney ; and though 
even the Wall ſhou'd be level with the Chimney, 
and a little diſtant from it, yet it would have almoſt 
the ſame Effect: As we may judge by Fig. 4. in 
which AB ſhews the Direction of the Wind, B C 
is the Wall oppoſite to this Direction, D E are two 
Funnels of Chimnneys level with the Wall. The 
Wind that meets with the Wall is repell'd as to 
F G, and enters not into the Chimney D; on the 
contrary, it carries away the Smoak that comes out 
of it with great Violence; but the ſuperior Wind 
A B that continues violent, meeting with it at G, 
turns it into a Kind of Whirlwind, and gives it 
the circular Motion G HE, and conſequently it is 
beaten down the Chimney E, which hinders the 
Smoak from going out. But if the Wind ſtrikes the 
Wall that is before the Chimney obliquely , the 
Smoak will go out free enough, for Part of the 
Wind AB will be reflected by the Side, and will 
riſe but a very little ; and conſequently make no 
confiderahle Whirlwind to heat down the Smoak. 

The Variety of Winds that blow at the ſame 
* in different Places proceeds from ſeveral 
uſes. 


The firſt is, That the Winds always blow in 2 
great Circle, from whence it is eafy to judge, that 
if one continued Weſterly or South weſterly Wind 
ſhou'd go round the Earth, it wow'd ſeem = 


* 
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different in Places at a great Diftance one from the 
other. 


The Second Cauſe is, That a great Wind blow- 


ing in any Place, carries the Air with it on both 
l Sides, and puſhes it a little to the Sides; as we ſee 
y in Rivers, where the Middle going very faſt, puſhes 
hl the Waves a little obliquely towards the Shore. 


The Third is, when in two Places of the Earth, 
about a Hundred Leagues diſtant from one another, 
there ariſe great Quantities of Exhalations and 
Vapours, which drive the Air in a Circumference, 
whether at the ſame Time, or in the Space of ſome 
Hours, there neceſſarily will ariſe two contrary 
Winds, from one of theſe Places rowards the 0- 
— which mceting, go back with oppoſite Dire- 

ion. 


The Fourth and laſt Cauſe is, the Oppoſition of 
high Mountains, which reflect the Winds, and 
make them follow their Directions. We ſee an 
Example of this in the Lake of Geneve which „ 
ſpreads it ſelf between two Ranges of high Moun- 1 

tains, for the Space of full Twelve Leagues from I 
Geneva to Lauzane; where there are ſeldom or Ro 
never known but two Winds to blow, which ſuc- | 
ceed one another and follow the Direction of the K 
Lake; which might alſo oppoſe one another towards 1 

the Middle of the Lake, if there ſhould blow 4 

Wind at Geneva a little obliquely to the Direction 

of the Mountains, and another at Lazzane oblique- 
ly in a different Direction; as if E F and IH were 
the Winds, AB CD the Mountains; for E F be- 
ing reflected to F G, and from I H to H L cauſe 

theſe two contrary Winds to meet towards M N, 

as in Fig. 5. The 
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The fame Thing happens at the Port of Amble- 
teuſe near Calais; where the Weſt South Weſt blows 
about Three Quarters of the Year , by Reaſon that 
the Eng/iſh Coaſts and thoſe of France, which are 
oppoſite to them in this Place, have this Direction; 

Ten Leagues from thence there may be a South 

Eaft or North Wind. I caus d ſome Obſervations 
to be made near Cherbourg Glaſs-Houſe, which do 
fully convince me, that only Two oppoſite Winds 
blow there, which ſucceed one another alternately, 
viz. the NE and SW, which happens from the 
fame Cauſe of the Directions of ſome Moun- 
rains. 
Mr. Farin, who has made Obſervations in the 
Ifle of Gorea near Cape Verd, aſſur d me, that a 
North Weſt Wind blows there often inſtead of an 
Eafterly ; which proceeds from the high Mountains 
about a League diſtant from this Ifland , on the 
North Weſt Side, which reflect the Trade Winds 
Eaſt or South Eaſt towards it, and cauſe a North 
Weſt Wind, when theſe fame Trade Winds are 
perceiv d at the ſame Time Ten Leagues beyond 

this Iſland at high Water. I have been credibly 
inform'd, that when Ships ſail along the Coaſts of 
Genoa , where there are very high Mountains, be- 
tween ſome of which there are long Valleys that 
have their Direction towards the Sea, there is felt a 
conſiderable Wind blowing from the Shore, when 
the Veſſels are directly oppoſite to one of theſe 
Valleys. 25 

I have known great Variety of Winds at the ſame 
Time, by the Obſervations made at Warſaw in Po- 
land, by Mr. Deſnoyers , and at Aberdeen in Scot- 
land by Mr, Gregory ; by comparing them with 
thoſe that I made at Paris at the ſame Time; for 
the Winds often differ there from thoſe of Paris 

l near. 
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near the Eighth Part of the Compaſs; as when the 
Wind is South Weſt at Faris it ſhall be Weſt at A. 
berdeen, The Winds at Paris are ſometimes quite 
oppoſite to thoſe of Warſaw i The Wind being the 
fame Day South Weſt at Paris, and North Eaft at 
Warſaw : Theſe Cities are firuated very. near Weſt- 
South Weſt , and Eaſt-North Eaſt, with reſpe& to 
each other; from whence it muſt neceſſarily follow, 
that theſe Winds mult blow almoſt directly againſt 
each other, in ſome Part of Germany near Poland * 
or France. I my ſelf obſerv'd this Oppoſition of 
the Wind in one and the ſame Place, as I travell'd, 
by means of a pretty deal of Snow that fell over 
Night: I could perceive that ir had been driven 
for the Space of a League, by a South-Eaſt Wind, 
and that in the following League , there had been a 
Calm, and that in the Three or Four following 
Leagues the Snow had been driven by a North Weſt | 
Wind; which I was further confirm'd in from the | 
Tops of Houſes and Branches of Trees thar had ng 
| _ on that Side againſt which the Wind did not 
blow. | 
I perceiv'd the like Effect by Obſervations made 
at the ſame Time at Paris, Loches, and at Mount 
de Marſan in Guyenne ; for a South-South-Weſt 
having blown three Days ſucceſſively in theſe three 
Places, which are almoſt in the Direction from 
Seuth-South-Weſft to North North-Eaſt there was a 
North-North-Eaft at Paris, the Sauth- South Weſt 
ſtill blowing at Loches and Mount de Marſan : 
The next Day the North North Eaſt blew at Loches 
and at Paris, and South South-Weſt at Mount de 
Marſan; and the Third Day the North-North--Euſt 
blew in theſe three Cities: Whereby it manifeſtly 
appear d, that Winds repel one another ſometimes, 
and that the ſtrongeſt carries away with it that 
SE. cs which 
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which is oppoſite to it. In the ſame correfpondent 
Obſervations, I took Notice that a violent Weſterly 
Wind having blown at Loches, there was at Pars 
at the ſame Time, a Weft-Sourh-Weft, and a Veſt. 
North-Ea@ at Mount de Marfan , which may be 
deduc'd from the Second Cauſe of the Diverſity cf 
Winds. X | 
I have often known a great Variety of Winds at 
the ſame Time, and in the ſame Place, when there 
were Two or Three difterent Heights of Clouds. 
Which may be explain'd, by ſuppoſing that the 
hi Clouds ate generally driven by rhe South 
Winds, and the loweſt by the North: And when 
happens at the ſame Time, the Clouds of the 
irſt and Second Height ought to move in a con- 
trary Direction; and that does not hinder the 
Clouds that are very high from being driven by an 
Ezfterly Wind, which always blows when it is not 
hinder'd by other Cauſes, or by a Weſterly Wind 
produc d by the Third Principal Cauſe, or by ſome 
other particular one. f 
To make a 1 Obſervation of the different Mo- 
tions of the Clouds, you muſt obſerve the top of 
a Steeple, or ſome other high and fix d Object, in 
order to compare the different Motions of the Su- 
perior and Inferior Clouds; for otherwiſe one may 


ſtant from the Earth, ſhould move in oppoſite Di- 
rections, although they were carried on the ſame 
way, becauſe the Superior ſeem to go ſlower than 
thoſe that are lower, although they go equally faſt; 
and this Appearance of a {lower Motion, may make 
one imagine that they move in an oppoſite Di- 
reftion. It may be ſuppos'd, that an Eafter/y Wind 
is properly but an Appearance of Wind, — . 

| otion 


be apt to believe, that Two Clouds not equally di- 
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Motion of the Air goes the ſame way as the Sur- 
face of the Earth. | | 

This Contrariety of Winds in the fame Place in- 
difterent Elevations of Air, may happen when a 
greater Wind, that being carried along a Valley, 
and which of Conſequence has but little Extention 
and Elevation, meets with another that rakes up a 
much greater Space in the Air; and then the infe- 
rior Wind may force away a part of the other; viz. 
that which is near the Earth, leaving it a free 
Courſe in the upper Part of the Air, where the 
high Clouds are. * 

But when Two contrary Winds meet, which are 
of equal Strength, Extent and Height, they ſtop one 
another, and cauſe a Calm in the Place of their Meet- 
ing; and having there heapd up a. great deal of 
Air, they preſs it, and increaſe its Spring, whereby 
it happens that this Air, to regain its Liberty, flows 
back both ways, and makes Two other contra 
Winds, which blow both from this Place. 

If there happens to blow a South Wind in Win- 1 
ter that comes from afar, it may drive along the | 
higheſt Clouds; for blowing along a Tangent, it 
removes more and more from the Earth as it ad- 
vances; and having at laft very much condens d the 
_—_— Air. the Spring of this Air may cauſe a 
Northerly Wind near the Earth, that will force 
down the Rain.or Snow ; which I have ſeen happen. 
ſeveral times. All the Winds that blow throughout 
the Earth, may be explain'd after the ſame Man- 1 
— on theſe different, general, and particular Þ 

uſes. 1 
With reſpect to Storms, and great Tempelts, it 
is difficult to explain them from common Cauſes, 
We may obſerve in Summer, that it generally rains 
pretty thick, and in great Drops, which are al- 
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ways accompany'd with a violent Wind that pre- 
cedes them ſome Seconds, and that its Violence 
ceaſes as ſoon as the Cloud has paſs'd by. I ſhall 
in the following Manner explain theſe Storms, ſome 
of which are ftrong enough to blow down Trees and 
the Roofs of Houſes. 

When Two great Winds ( inclin'd to one another 
in an Angle of Fifteen or Sixteen Degrees, come 
from afar, and having collected and driven before 
em all the Vapours they met with, and form'd each 
a thick Cloud of them,) begin to meet; they con- 
denſe the Air in the Place of their Meeting, put- 
ting it to a great Spring; and according to the Rules 
of Percuſſion, make it go almoſt a Third Part 
faſter than each of them did ſeparately. Suppoſing 
then that theſe Winds ſhould go with the Velocity 
of Twenty Four Feet in a Second, which is the 
uſual Velocity of offenſive Wind, againſt which it 
is often rroubleſome for us to Walk; the Wind 

mpos d of theſe Two, gocs with the Velocity of 
Thirty Two Feet in a Second, and the thick Cloud 
which they drive before 'em, being riſen half, or a 
quarter of a League high, the Drops of Rain which 
are form'd there, are about Three Lines in Dia- 
meter, and acquire their compleat Velocity of fal- 
ling Thirty Two Feet in a Second, after they have 
fallen One Hundred Foot, as has been explain'd at 
the End of the Treatiſe of Percuſſion: Each Drop 
in falling from the Height of the Cloud, draws 
along with it Two or Three Times as much Air 
as its own Bigneſs, which is prov'd by an Expe- 
riment of a Ball of Lead, let fall into a Pail of 
Water; for as ſoon as it touch'd the Bottom, there 
will riſe up Two or Three Bubbles of Air, each as 
big as the Lead, which muſt proceed from the 
Ait's following it to the bottom of the Pail. Now 

we 


HyDROSTATICKS 49 


we know that in many Places they make uſe 
of a kind of Bellows to melt Iron in Furnaces, 
only by the Fall of Water, which is thus per- 
form d.. e r 

They have a Pipe of Wood, or Tin, about 
Fifteen or Sixteen Foot High, and a Foot Dia- 
meter, which is cloſely fix d to an indifferent 
large Tub inverted, the bottom of which is plac'd 


upon the Ground; ſo that when a little Water 


falls there, it ſhuts the- Openings, and ' prevents 
the Air from -paſſing through any more. They 


always leave an Opening at' the top of the Pipe, 


of about Three or Four Inches Diameter, in which 
they put a Funnel, whoſe Neck fits the ſaid Hole; 
then from an Height of Fifreen, Twenty, or Thirty 
Foot, they let fall Water from ſome Spring or Pond, 
the Largeneſs of which in falling, is almoſt equal 


to the opening of the Funnel, ſo that the Water 


can't riſe · there above Five or Six Inches high. 
This Water in falling, draws with it a great 
Quantity of Air, which follows it to the lower 
Part of the Funnel, and even to the bottom of the 


Tub, and cannot go out again through the Fun- 


nel, by Reaſon of the Weight of the Water which 
continues to fall, and the Velocity of its Motion; 
there is alſo a Pipe at the Side of the Tub, 
which is - narrower - and narrower , till it 
comes to the Hole of the bottom of the Fur- 
nace, where the Charcoal is to bg, blown, and 
the Air that is preſsd and ſhut up in the 
Tub not -being able to get out at Top, by Rea- 
ſon of the impetuous Fall of Water, which 
keeps the Neck of the Funnel continually full; 
nor at bottom, by Reaſon of the great Quantity of 
Water there, and which riſes Þ Foot orTwo above f . 
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It is therefore conſtrain d to iſſue out with great 
Violence at the End of the Pipe, ſo as to have the 
{ime EReCt in blowing the Charcoal, as great Lea: 
thern Bellows, which we make Uſe of upon other 
Occaſions It muſt then conſequently happen, 
that the Water which falls from the Clouds in 
great Drops, and in great Abundance, draws a 
great deal of Air with it, as bas been before 
prov d; which cannot riſe again when it is near 
the Earth, by reaſon of the impetuous Falling of 
the other Drops; it cannot alſo extend it ſelf to- 
wards the back part of the Cloud, becauſe it is 
fultained by the great Wind that drives it; and 
even very inconſiderably towards the Sides, becauſe 
the ſame Wind alſo preſſes the Cloud on each 
ide. 

It remains therefore, that all its Effort muſt be 
made towards the Forepart of the Rain, and that 
this Effort being joined with that of the Wind which 
carries the Cloud along, muſt have about twice the 
Velocity of the Wind that puſhes it; and that this 
Wind thus increaſed, mult go above Sixty Foot in 
.a Second, which may then be ſtrong enough to 
blow down Trees, as I fhall further prove. It can- 
not precede the Rain above Three or Four Hundred 
Paces, generally ſpeaking, for the Reaſon already 
given, that a Space of Ait driven along with, a cer- 
tain Velocity, cannot continue its Motion very fat 
in a ſtrait Line, if the Cauſe of the Impulſion 
ceaſes. I Was confirm'd! in my Opinion of this 
Hypotheſis, in ſeeing Rain fall from a Cloud ata 
Leagues Diſtance; for from that Side from whence 
the Wind came, the Drops fell almoſt Perpendicu- 
lar: But in the Middle, and as far-as the firſt 
Drops, they made an Angle of above Frey Five 
Degrees, as in Fg. 6. in which A B, is the _ 
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B D, the Side from whence the Wind comes; and 
GH, the moſt advanc'd Drops. The ſame Thing 
necefiarity happens in Hail, and eſpecially if it be 
very thick, and the Hail-Stones pretty large, for 
then it will draw down more Air from above, and 
make a Storm yet mare violent, whoſe Velocity 
may be Seventy Five Foot in a Second. The great 
Winds that happen without Rain, muſt proceed 
from the Combination of Three or Four Cauſes, 
and they come commonly from the South and Sourh- 
Eaſt; there may then happen to rife a great Quan- 
tity of Vaponrs and Exhalations at the fame Time 
in Africa; and there may be exceſſive Heat for Three 
or Four Days together; the Northern Countries may 
grow more Cold, and the Moon deſcending to- 
wards its Perigæon from its higheſt Apogeon, makes 
a Reflux of the Air, which was carried thither by æ 
North Eaſt Wind: Theſe Four Cauſes together make 
a very great Wind, which will blow ſucceſhvely 
from Africa to England. 

I obſerved one Day at Paris, a great Storm com- 
ing from the South; and I was then credibly in- 
form d, that Two or Three Days before, there had 
been a furious Storm upon the Coaft of Aggier. 
Now this City is very near in the {fame Meridian 
with Paris; and if this Wind went Thirty Feet in a 
Second, it might arrive in Two Days at Paris from 
Algier. To explain theſe Hurricanes, which rage 
almoſt every Year in ſome of theſe Iles, calld 
the Antille, we muſt have Recourſe to (ome other 
Cauſes. Firſt, Becauſe theſe Tempeſts are much 
more violent, and go above One Hundred Feet in a 
Second. Secondly, That they laſt but for Seven or 
Eight Hours. Thirdly, That they ſeldom are known 
to be any where but in thoſe Iſlands. And Fourthly, 
That they generally begin with a North-Weſt Wind, 

E 2 which 
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which changes ſucceſſively into other Winds, viz, 
Weſt, South-Weſt, South, South-Eaſt, North-Eaſt, and 
North. Fifthly, Thar there are found in the Neigh- 
bouring Seas, great Quantities of dead Fiſh, and 
that Earthquakes are felt there: From all which 
Circumſtances we may conjecture, that the Earth 
which is under thefe Seas, throws up Nitrous and 
Sulphureous Exhalations in ſeveral Places ſucceſ- 
fively, which cannot be taken Notice of, becauſe 
the Veſſels that come into theſe Places mult be ſunk ; 
and it may happen, that the Firſt Eruptions being 
made near the Continent of America, the North- 
Weſt Winds which they raiſe, may be reflected 
againſt the Coaſts of Cayenne, and the Neighbouring 
Coaſts ; and there _ made at the ſame Time 
new Eruptions, the firſt having ceas'd, the Wind 
muſt increaſe, and come from the Weſt, as thoſe 
aſſure me that have perceiv'd their Effects; and 
theſe Eruptions of Fire, and Nitrous and Sulphu- 
reous Exhalations, mult deſtroy great Quantities of 
Fiſh in the Places where they riſe up. Thoſe who 
have been acquainted with theſe Hurricanes, and 
have obſerv'd many other Circumſtances, may ex- 
plain them with more Certainty, 
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PART. I. 
Of the Equilibrium of Fluids. 
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Of the Equilibrium of Fluids by their 
8 Gravity. 


OR the better babes of the 
Equilibrium of Fluids, with reſpect 
to each other, or to other Bodies, 
we may make Uſe of the following 


RULE I. 5. 


A Body reſiſts a Force that endeavours to raiſe it, 
only according as that Force makes it move from 
the Center of the Earth and a very heavy -Body 
may be mov'd with a very ſmall Force; if you 
don't make it change its Diſtance, with reſpect to 
that Center, | 
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The Experiment is thus made ; Put a great Ci- 
ſtern full of Water in a cloſe Place. where there is 
no Wind ſtirring; (Fig. J.) let G, a great heavy 
Veſſel, Swim upon the Surface of the Water; tie 


a fine Silken Thread to it, as HI, and draw it 


along in ſuch manner that it may not break, i. e. 
with a very ſmall Force; the Veſſel G will follow 
the Thread; and although little Waves will ariſe 
in the Water, and ſome Force be requiſite to divide 
it, yet that won't hinder the Veſlel from going 
pretty faſt when it gets near the Point D, if its 
Motion be accelerated by little and little. Indeed if 
you would immediately give a conſiderable Swift- 


neſs to the Veſſel G; you wou'd break the Thread, 


and even a pretty ſtrong Cord, almoſt as ſoon as 
if it were tied to an immoveable Body, becauſe a 
very heavy Body cannot receive a very great Motion 
all at once, but by a very great Force. 

This Truth is ſtill further confirmed, by hang- 
ing a very great Weight by a long Cord in an open 
Place; for the leaſt Wind will give it Moti 
though it can't move without receding a little far- 


ther from the Center of the Earth, than it was 


when at Reſt: Hence you ſee the Reaſon why it is 
eaſy to ſuſtain a very heavy Bowl, as D, (Hg. 8.) 
upon a Plain very much inclined, as A B, for the 


Bowl being drawn or puſh'd from A, to B, it riſes 


no higher with reſpeCt to the Center of the Earth, 
than the length of the Line B C, which is ſu 

pos d Perpendicular to the Horizontal Line A of 
whereas if it had been raiſed Perpendicularly in 
the ſame Time, to an Height equal to A B, it had 


* -afled with all its Grayity, and a much greater 


Force would have been neceſſary to have rais d it. 
et ed i san Sen 71 
RU L E 


* 


— 4 
L 


H r e r= Oo 


RULE l. | 


If Two. Bodies withour Elaſticity, and of the 
fame Kind, meeting each other horizontally and 
directly, have equal Quantities of Motion; that is, 
if their Velocities be reciprocally as their Bulks, at 
their Congreſs they will take bh Equilibrium. ( Bo- 
dies of the ſame Kind being ſuppoſed to have their 
Weights proportioned to their Quantities of Mattet:) 

According to this Rule, if a Weight of Two 
Pounds moving with Four Degrees of Velocity, 
meets directly and horizontally another of Fout 
Pounds, which has Two Degrees of Velocity, 
they will ſtop each other, and make an TON 
brium. _ if the firſt of Two Pounds —_ 
times faſter than another of Ten Pounds, 

any it along with it; for the Product * Two, 
Multiplied by Six, being Twelve, is greater than | 
the Product of Ten Multiplied by an Init: Theſe 
Weights ate ſuppoſed to tick together at their 
Congreſs. Hence the Truth of that Mechanical 
Principle is eafily demonſttated, which has been 
ill proved by 3 Galileo, and many others: 
Namely, that in a Balance, when Weights are to 
1 © each other reciproeally as their Diſtances from the 

* Center of the Balance (Fg. 9.) they make an 

„Equilibrium ; for let B A C be the Balance, A the 
Center of Motion, A C four times the Length of 
A B, the Weight B four times greater than the 
Weight C; I 5 that one of the Weights will not 
overbalance the other; fot ſuppoſe (if ir be poſ- 
ſible) that the Wei icht B ſhou d preponderate; it 
can't move with any © Velocity 1 oever, deſcend- 
ing in the Arc B D, but it muſt make the Weight 
O move four times faſter in the Arc C fine che 

E 4 Semi- 


Semidiameter A C is four times as long as the Semi- 


diameter A B, and then the Quantities of Motion of 
theſe Two Bodies would be equal; and one Quanti- 
ty of Motion would be ſuppoſed to overpower ano- 
ther, which ſhould be equal to it, which is impoſ- 
fible; fince they ought to make an Equilibrium by 
the Second Rule. For the ſame Reaſon the Weight 
C cannot deſcend hut if you put it a little further 
from the Point A, it will deſcend , for then it can 
give the other Weight a leſs Quantity - of Motion 
than it will take it ſelf, and conſequently it will 
overpower it; and tis pretty ſtrange that the 
Weight B being Thirty Pounds, and -the Arm AB 
a Foot long, if a Man can't ſuſtain this Weigh, by 
putting his Hand under it, yet a Weight of One 
ound may by the ſame Man be eaſily ſuſtained by 
his Hand under it, ar Thirty One Foot Diſtance 
from the Point A, if the Weight B be taken away; 
For it will only have One Pound Weight, though it 
were: placed at One Hundred Foot Diſtance from 
the Point A; and yet at the fame. Time, if you 
place the little Weight ar Thirty One Foot Dis 
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other move as faſt; the Force of each of them is 
not to be eſtimated by its abſolute Quantity of Mo- 
tion, but by a relative one, which is found by 
multiplying each Weight into its Velocity, with 
reſpect to its approaching to or receding from the 
Center of the Earth. FAT Gets Pp 


i The EXPLANATION. TE. 1 


.» A.is a Weight hung upon the Pully B, by the 
Cord EB A, which likewiſe ſuſtains the Bolt C D, 
by means of two little Cards. tied to the Axis of 
the Bowl, and to the Point E of, the Cord AB E. 
HG is a Horizontal Line, H F is a perpendicular 
one; E B is a Parallel to the inclin d Plain G F, 
repreſented by the Line G F. It clearly appears, 
that the Bowl is diſpoſed to. move as faſt as the 
Weight A, whether the Weight A deſcends, or the 
Bowl in deſcending makes it riſe; but when the 
Bowl in deſcending: obliquely. has paſs'd through 
the Space F G, it will have got no nearer the Cen- 
ter of the Earth than the Diſtance FH; all the 
Points of the Line H G of two or three Foot in 
Length, are to be look d upon as equally diſtant 
from the Center of the Earth, becauſe the Diffe- 
Tence is inſenſible. To know then the Forces of 
theſe Weights or their reſpectiye Quantities of 
Motion, you muſt multiply the Weight of the 
Bowl CD, by the Length of the Line F H, and 
that of the Bowl A by a Length equal to FG, be- 
\ cauſe this latter Bowl goes as far whether in aſcend- 

ing or deſcending, as the Bowl CD, and moves 
directly towards the Center of the Earth: Now if 
EG be thrice as, Iong as F H, and the Weight 
. CD de thrice as heavy as the Weight A, you will 
fee that there will be an Huilibrium betwirt the 
V ö two 
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two Weights, which proceeds from the Reaſons be 
fore explained in the two firſt Rules. But if you 
add ſome Weight either to the Weight A, or to the 
Weight B, that to which you add the Weight will 
deſcend, and make the other riſe , abſtracting from 
the Friction of the Pully and the Axis. You may 
explain in like manner the Eguilibriums that ought 
to happen when the Plain F G is more or leſs in- 
clin d, by Application of the ſame Rules, which 
yy be called Experimental Principles, or Laws of 
ture. | 
If two Weights as A and B in the 11th Figure, 
be upon Plains differently inclin'd as CD, CPF, 
the Line DF being ſuppoſed Horizontal, and the 
Line C G perpendicular to D F; to make an Equi- 
Abrium the Weight B muſt be to the Weight A as 
the Line CF is to the Line CD; and the Proof 
may be deduced from the ſame Rules: For if F H 
be taken equal to CD, and HI be drawn parallel 
to CG, tis plain, that whilſt the Weight B wou d 
from F to H, the Weight A would go from C to 
, then CG would be the Meaſure of the Veloci- 
ty of che Weight A, with reſpect to the Center of 
the Earth; and HI that of the Weight B, goi 
From F to H in the ſame Time: But as FC is to F H, 
O is CG to HI; and by the third Rule, the Weight 
B ought to be to the Weight A, as CG is to HI; 
that is, as F C to CD, in order to make an Equili- 
drium. And conſequently theſe Weights thus diſpo- 
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ed will ſtop each other. 32 | 

The ſame Thing will happen to Weights faſten- 
ed to the Extremities of the Spokes of a Wheel; 
that is, that the Weight A (Fig. 12.) placed at the 
End of the Spoke K A, may make an Equilibrium 
with the Weight B, the Line AK being Horizontal; 
and the Line B K being rais d fixty Degrees _ 
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A K F, the Weight B muſt be double the Weight 
of A; for the Line B F being drawn perpendicular 
to the Spoke K B till it meets with the Line A K 
G F, the Plain B F will be raisd 30 Degrees, 
and the Perpendicular BG will be but half the 
Length of BF, then the Motion of the Weight B 
towards F, being made at the Beginning along the 
Tangent B F, will get no nearer the Center of the 
Earth than in Proportion to the Space B G, the half 
of B F ; whereas the Weight A will have its Dire- 
ction along the Tangent MA H, perpendicular to 
AK F, which moves directly from the ſaid Cen- 
ter; and conſequently it will be diſpos'd to go 
twice as faſt as the Weight B, with reſpect to that 
Center: But as F B is to B G, ſo is the Spoke KB 
or A K to K G; then the Weight B will have the 
fame Effect with reſpect to the Weight A, as if it 
were at G ; that is, if A K be the Meaſure of the 
Velocity of the Weight, A K G will be the Meaſure 
of the Velocity of the Weight B; but A K is dou- 
ble the Length of K G, as F B is of B G; then the 
Weight A will be reciprocally to the Weight B as 
KGto K A. And by the Second and Third Rule, 
theſe Weights thus diſpoſed will make an Equr/tbre- 
um, and the one will not over-power the other. 

The ſame Thing will happen tq Powers, which 
being faltened to the Extremities of equal Spokes 
draw obliquely and directly: For at the Point L, in 
the Line B G, continued directly to L, let a Power 
draw by the Rope “ B tied to B, according to the Di- 
rection BL; and let another Power at M draw 
along the Tangent A M, by the Cord A M, faſten- 
ed to the Point A: If theſe Powers be equal, they 
will not make an Eguilibrium; but the Power at 
M will over - balance the other; and to make an 
Enuthbrium, the Power at L, ought to 3 the 

Power 
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Power at M, as the Line A K to the Line K G; be. ¶ at 
cauſe the Power at L does not draw the Point B di- ¶ che 
rectly to it; but it goes along the Tangent B F at ine 
the Beginning of its Motion, and at the ſame Time Il |y 
the Power at M goes directly along the Tangent an 
HAM. No if you ſuppoſe B N indefinitely ſhort I the 
in the Tangent B F, and NQ perpendicular to 3 d. 
L, *tis evident that the Point B being at N, the & 
Point L will be got to P, if N P be parallel and 
equal to B L; and L R and QN being parallel to 
AF, RP will be equal to BQ, and LP to BN: 
Now the Power fix d at the Point M will be got 
forwards the Length of a Line equal to B N or 
LP, according to the Direction A M, in which it 
endeavours to move; and the Power at L will be 
got no farther in the ſame Time according to its 
Direction BL or NP, than the Length of the 
Line RP, which is but the half of B Nor LP, as 
BG is hut the half of BF: So that to make an 
Equilibrium betwixt thetwo Powers, that which is 
at the Point L ought to be double that at the Point 
A, this latter drawing along the Tangent H AM, 
and the other according to the Direction BL, which 
makes an Angle of 30 Degrees with the Spoke KB. 
So that the Weight B muſt be twice as heavy -as 
that at A to make an Equilibrium. Len! 
From theſe Three Experimental Principles; one 
general Rule for all moving Forces may be dedu- 
ced : Which Rule or Uniyerſal Principle is this, 
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The General Mechanical Principle. 


WHEN two Weights, or other Powers, are ſo 
diſpoſed, that the one can't move without moying 
the other, if the Space which one of the Weight 

. ought 
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ought to move through, according to its proper and 
natural Direction, be to the Space through which 
the other ought to move in the fame Time, accord- 


ing to its proper and natural Direction, reciprocal- 


ly as this laſt Weight. is to the firſt ; there will be 
an Equilibrium berwixt the two Weights: But if 
the Proportion of one of the Weights be greater 
than that of the other, the Weight which has the 
greateſt Proportion will over - balance. 

From this Principle a ſurprizing Effect may be 
demonſtrated, which can't eafily be proved by other 
Hypotheſes ; namely, That if two Brachia or Arms 
of equal Length, be fix d to the ſame Axis A, as 
A B, AC, Eg. 13. and a Weight E be put upon 
the Arm AB, and another Weight b upon the 
Arm A C, at the Point F ; fo that the Diftances 
AE, AF be equal ; the Weight at F being round 
and not faſtened to the Point F, in ſuch ner 


that it might roll from F to C, were it not hin- 


dered by the perpendicular Glaſs Plane, which is 
very well poliſh'd as G Cg : To make an Eguili- 
brium, the Weight E muſt be much greater than 
the Weight b, viz. in the Proportion of A E to 
AH, if the Line HF be perpendicular to BA GK; 
the contrary of which happens when the Weight 
at F is faſtened to the inclined Plain AF C; for 
then to make an Eguilibrium, the Weight at F muſt 
be greater than the Weight E in the ſame Proporti- 
on, as the Line E A is to A H, as was explained in 
the foregoing Figure. 

For Proof this Paradox, draw the Horizontal 
Line f b e paſſing through the Center of the Bowl b; 
tis evident, that the Point e is higher than the 
Fulcrum or fix'd Point F; and that the Line h e is 
a little longer than Semidiameter bf. But to de- 
monſtrate this, you muſt ſuppoſe the Triangle F h d 


very 
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very ſmall, and the Point F join'd to the Point e 
and the Perpendicular F þ to paſs through thi; 
Point: Now the Bowl ö in its Deſcent will make 
the Point C tum in the Arc Cd; and if dy 
be equal to the Diameter of the Bowl, the ſame 
Arm will be in the Situation A h d, when the Dia. 
meter of this Bowl will be got to d g, and the fix d 
Point F will have deſcrib'd the Arc Fh in the fame 
Time that the Center of the Bowl has de. 
ſcended by a Space equal to e d. Bur if by Reaſon 
of the Smallneſs of the Arc you take the Arc F, 
for its Tangent, you will have the Triangle F þ4 
ſimilar to the Triangle AHF, and d F will be to 
F b, as F A or e A to AH; and becauſe the Weight 
E riſes only in Proportion to the Line Fh, the Space 
paſs d through by the Bowl in deſcending direct 
from the Point F to d, will be to the Space paſs 
through in the ſame Time by the Weight E in al 
ce again directly, as A E is to AH; then by 
the general Principle, the Weight E ought to be to 
the Weight ö, as E A is to AH in order to make 
an Ezuilibrium; and becauſe the Bowl falls from a 
Point a little higher than the Point F; namely, 
from e, it follows, that the Weights being accord. 
ing to this Proportion, the Weight þ will deſcend 
and make the Weight E riſe, which I have found 
true by Experiment ; for having difpoſed the Arm 
AC in fuch Manner as to make an Angle of 60 De. 
grees with the Horizontal Arm AHK, I obſerved 
that the Weight b being double the Weight E, it 
made an Eguilibrium with it, when J had ſtopp d 
ir to hinder it from rowling ; but having left it free, 
only placing a Piece of Looking-Glafs, repreſented 
by-CG, to hinder it from — on one Side, I 
was obliged to put the double Weight at E, and 
the ſingle one at h, to make the Eguilibrium, and 
even 
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even to add a little to the Weight ar E. The ſame 

Reaſons will likewiſe prove, that if the Angle KAC 

were of 45 Degrees, the Weight E mult be the 

greateſt, in Proportion as the Diagonal of a Square 

Is to its Side in order to make an Equilibrium. That 

the Center of the Bowl F is a little on one Side of 
the fix d Point, is not here conſidered. 

Theſe Things being preſuppoſed, the Eguilibri- 
ume of Fluids may be explained well enough. 

The lighteſt, that is to ſay, the leaſt heavy Fluid 
is Flame, but becauſe it riſes in the Air, and does 
not lye extended upon other Bodies, it can't make 
an Equilibrium by its Weight, but only by its Im- 
pulſe and by its Spring. 

Air, which is extended above the Earth and Wa- 
ter, can make an Equilibrium with other Fluids 
more groſs than it ſelf, and even with hard and ſo- 
lid Bodies, by its Weight, by its Impulſe, and by 
its Elaſticity. The Weight of the Air is prov'd 
from the Effects of the Barometer, which is a 

_ ſtrait Glaſs Tube two Foot and an half os three 
Foot long, hermetically ſeaF'd at one End. You 
fall it with Mercury, no Air being left within it, 
and ftop the other End with your Finger; and, at- 
ter having turned the ſeal'd End uppermoſt, you 
dip the Finger in ſome. other Mercury put into a 
Veſſel, then take away the Finger that ſuſtain'd. the; 
Mercury in the Tube, and ſome part of it will fall 
into the Veſſel, and after ſome Vibrations it will reſt. 
in the Tube 27 or 28 Inches high ( Paris-Mea- 
fure;) for according to the Changes af the Winds 
and Air, it riſes ſometimes to 28 Inches and an half, 
and at other Times only to 26 and an half, and 
commonly at Paris it riſes to 27 Inches and an half 
or thereabouts. e 
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Now this rifing of the Alercury can't well be? 
explain d, unleſs you ſuppoſe that a Column of Air 
of the ſame Breadth with the internal Diameter of 
the Tube weighs as much as the 27 or 28 Inches of 
Mercury which role in the Tube, taking this Co- 
lumn from the Surface of the Mercury in the VeſR' 
ſel, to the utmoſt Limits of the higheft Region of 
the Air ; for if you carry the Barometer up to the 
Top of a Mountain, or of a very high Tower, you 
will ſee the Mercury fall by little and little, till it 
be reduced to the Height of 24 or 25 Inches, as be- 
ing then preſ<'d by a ſhorter Column, and therefore 
a leſs Quantity of Air; and if you go down with it 
into a very deep Cave or Mine it riſes by little and 
little, according as you deſcend, as being ſucceſſive- 
ly preſs'd by a greater Quantity of Air. 

The Weight of the Air and the Equilibrium 
which it makes with Water, may till further be 
known from the ſame Rules, by ſuppoſing that an 
Inch of Mercury weighs almoſt as much as 14 
Inches of Water, as I have found it does by the 
Experiments which I have made ; for 28 Inches of 
Mercury will weigh about as much as 383 Inches: 
of Water, which are ſomething ſhort of 32 Foot 
from whence it follows, that when the Weight of 
the Air makes the Mercury riſe to 28 Inches and 
ſome few Lines, it will make Water riſe 32 Foot 
in a Tube of 35 or 40 Foot long, and that when it 
riſes but 27 Inches and an half, Water ought not 
to riſe quite ſo high as 31 Foot, which is found to 
agree well enough with ſome Experiments which I 
made at the Obſervatory in the following Manner ; 
I caus d Mr. Hubin an Enameller to make a Glaſs 
Tube 40 Foot long, which he ſecur'd in the Groove 
of a Beam of Wood from being broken in the ma- 
naging; it conſiſted of five or fix Pieces, W 
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he ſolder' d together by melting the Glaſs, in the 
great Hall of the Obſervataſſy:; we rais d one End 
of it to the Top of the Platform, through a Hole 
which is there, that anſwers perpendicularly to the 
Hollow or Newel in the Cellar Stairs; then we let 
it fall by Degrees till it came to this Hollow, and 
fix'd it by tying it in ſeveral Places to the Iron Rails 
or _ z afterwards we ſtopp'd the lower End, 
and fill d it with Water, and then apply'd a Glaſs 
Stopple to the Hole at Top, that fitted it exactly; 
and in order to ſeal it down yet more cloſely, we 
covered it with a Piece of Bladder ; we likewiſe 
fill'd another Veſſel with Water, that was plac'd 
below the other End of the Tube, till that End 
dipp'd in the Water, and after we had unſtopp'd it, 
the Water in the Tube fell about 12 Foot; but ſo 
many Bubbles of Air came out of it, that we cou d 
not mark exaUly how high it roſe again; at laſt it 
reſted at 29 Feet, by Reaſon of the Spring of the 
Air in the Bubbles, which came out of the Water, 
and roſe to the Top of the Tube. Two Days af- 
ter, we again put Water into it, that had been 
boil'd a little before, to expel the Aerial Matter 
out of it; we renew'd the Experiment, and the 
Water, after ſome Vibrations, ſtopp'd at 29 Feet 
4 Inches, or thereabouts; but we faw it riſe higher 
by little and little, till it reſted: at 30 Feet 2 Inches, 
the other Barometers in the mean Time never 
changing. I attributed the Cauſe to this Water's 
having a little Dirt mix'd with it, and conſequently 
it weigh'd more than clear Water; but the Dirt 
deſcended by little and little to the Bottom of the 
Veſſel; and by this Means the Water becoming 
lighter by Degrees, it roſe higher by little and little. 
Two Days after, I obſerved that the common Ba- 
rometers being at 27 1 9 Lines, the Water — 
wks | the 
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the long Tube was riſen to 30 Peet 8 Inches; it! 
ef Air: had not got to the Top, and hinder'd; its, 
Riſe : The common Barometer being at 28 Inches 
it roſe ſtill higher, and fell afterwards when the 
common Barometer was below 28 Inches, whence 
I knew that the Water Barometers have cheit Varia- 
tions proportion d to thoſe of Mercury, and that 
32 Feet of Water, or thereabouts, may be taken for 
be greateſt Height of theſe Barometers, when the 
ater with which they are fill d, is of the lighteſt 
Kind, and the Acrial Matter is extracted from it. 
For the more eaſy Calculation, we will here ſuppoſe 
that the Weight of the Atmoſphere makes an Equi- 
librium with 32 Feet of freſh Water preciſely, and 
that Mercury weighs preciſely 14 Times mots | 
The Weight of the Air is ſtill farther prov'd-,, by 
an Experiment curious; enough: Take a Glaſs Bot- 
tle AB (Fg. 14.) in which there is an Hole made 
of 2 cr 3 Lines, as at C; put a Glaſs Tube as D E 
about Two Lines Diameter into the Neck of the 
Bottle, as at G, and cement them together with a 
Mixture of Wax and Turpentine, or with Pitch; 
{o that the Air canꝰt get between them; then lay ing 
the Bottle along, through the Aperture C, you; fill 
it with Water, and fill Iikewiſe at the ſame Time 
the Tube E D, keeping the End D dcloſe ſtopp d; 
and hen you place the — — 

Situation, the Water in the Tube will deſcend to E, 
and asg much will go out : chrough the Hole C, if the 
Extremity Eof the Tube anſwers in Height to the 
Middle of the Hole C; but if che Tube reaches 
down below the Hole as far as I, the Water will 
ceaſe running, when the Tube is empty as far as E; 
and the Bottle will remain full of Ware Aly to the 
cemented Neck towurds G; but if the _— 
Mr | u 
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Tube be n Hitle higher thin! the Top of the Hole 
C, as at L, and 1 . two ot 2 thet 
you will ſe the Ait go out through this open End, 
and riſe again to the Top of the 1 and at the 


fame Time the Water will "are th through the Hole! 
C, till there be none left above the Point C. 


Theſe Effets are exphined in rhe folowing Mem, 


The External Air preſſing 1 K the Hole 0 by 
15 Weight, endeavours to p the Watef, 
which endeavours by its Weigh IT get 7078 and ds 
Air which is — the Tube E D preſſes likey likew 
and acts by its Gravity upon the Wa ter contain” 
the Tube, ” which being in d to the Weight of chat 


20 muſt ' ovetpoiſe the Weight 'of che Kir 


which acts at C, which the Water in that 
de to defcend to E, and then the Air preſſing on 
ide at E, and at the other at C, NY, = 

fin the Water in the Bottle from E and C 
A and H, and it w6u'd even ſuftain it ens th 
Height G H were of 30 Feet, provided the End of 
the Tube were below the Bottom of the Hole C3 
but when the Tube deſcends no Tower than L, then 
the Water froh L to E. jo oin'd to he Weight of the 
Air which upon L, Will Ober polls the Air 
at C, and the Water will 8⁰ out through the Hole 
C, whilſt the Ait deſcending from D to L, and en- 
tring Drop by Drop into the Water through the 


open End 1 riſes above the Surface of the Water 
which is below the Neck of the Bottle; but if you 


incline the Bottle in ſuch Manner that the Point L. 
and the Middle of the Aperture C may be in the 
ſame horizontal Line, you will ſee half a Drop of 
Air get below the Point L, but not ſeparate from 
the reſt , unleſs you mile the End L a little 

higher. +} Re When 


— 
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When you have let ſome Air into the Bottle, {> 
that the Surface of the Water is at N O, and di-, 
late that- Air by heating it with your Hand, you 

will force out ſome Drops of Water at C, though 

the End of the Tube be below this Hole, and the 

Water will deſcend as to p 9, but if you let the 

Air grow cold again, you will ſee for ſome Time 

Bubbles of Air enter in at C; becauſe the. Air which 

had deſcended as far as PQ. contracting it ſelf 

within the Space which it took up at firſt from 

NO to AH, and there being no. Water to fill up the 

Space NOPQ, the Air muſt come in from with- 

out through the Hole C. | 

„ Water has no ſenſible Elaſticity, and makes an E. 

qui/ibrizm with other Bodies only by its Weight or 

its Impulſe: The firſt Equi/brizum that is remarkable 

in Water with reſpett to Air, is, that being reduc d 

to very ſmall Particles, it becomes lighter than Air, 

and riſes in a Vapour, as was before obſerved. We 
can't tell how ſmall ſuch a Particle of Water muſt 
be to make an Equilibrium with the Air near the 

Earth, becauſe thoſe Particles, which are a little 
ighter or a little heavier than Air, are inviſible 

when they are ſeparate from each other. is very 

difficult likewiſe to find out the Reaſon of their 

Riſe, for it can't be that they are mix'd with Air, 

| becauſe they wou d ſtill 1 than pure Air; 
tis not by Reaſon of Heat, becauſe we ſee Vapours 

ariſe from very cold Water: tis probable then that 
in the Air there are very fine Pores, void of all 
heavy Matter, into which theſe fine Particles of 

Water may inſinuate themſelves and riſe. therein, 
and into which the groſſer Particles can't enter. 

- Theſe ſmall Particles make an Equi/ibrium with 
the Air at about a League or two Leagues diſtance 

from the. Earth, where they remain à long Time 


ſuſpended, 
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ſuſpended, till many of them being join'd toge- 
K become heavier; and when the Arte 
very much rarified, they fall to the Earth. | 
This is further illuſtrated by an Experiment in 
the Air Pump; for when = have pump'd out 
ſome Part of the Air, you ſee the Recipient grow 
dull by the Fall of the Vapours, which the Air 
by Reaſon of its too great Rarefaction being no 
longer able to ſuſtain, they fall in fine little Drops 
upon the Glaſs which contains them. 
In Places where there are great Water-Falls, you 
ſee Vapours 9 ariſe, which are nothing but 
Particles of Water broken by their Impulſe : And 
when a Soap Bubble comes to break, one Part of 
the Water of which it conſiſts falls, and the reſt be- 
ing reduc'4 to very fine Particles aſcends in a Va- 


RULEL - 
For the Equilibrium of Water by its Weight. | 


Water being in one or ſeveral Veſſels, that com- 
mnnicate with each other, has irs upper Parts al- 
ways upon an equal Level; that is, at equal Di- 
Rances from the Center of the Earth. y 


The EXPLANATION, Fg. 15. 


Let ABC he a recurve Tube, whoſe Dia- 
meter is equal in all its Parts; pour ſome Water 
into it at the End A, and it will riſe to the fame 
Height in the other Leg of the Tube; that is, if 
DE be an Horizontal-Line , and the Water in the 
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other 28 far as E, and there continue when you. have 


urin and N 1s 5 re 
ay pt * the reath, and 
ing an E- 


equally inclin d to the Rage 
dusliy in N bee 0 ES the Water 
can't remain at th ind F , be- 


cauſe the We cght ofthe the Waer AG 10 wil he gr greater 
than that of the Water HE F, and conſequently in 
Wadde it can t bak it felf a greater Quantity of 

Motion, than it will give to the other in aſcending, 


fee: they will have equal Velocities and the ſame 
ections. 


Therefore by the yniverſal Prigci le, the Water 
. at Leg.” or if you at: the {ame Height.in 


the T ut if you ſtop the od C with 
7Qur $i You pour in the Water at A, 
and fill the Leg A G with Water u up to A, the other 
will be empp, and no Water, or very little at moſt 
will riſe into it; beqauſe the Air takes up the Place, 
if the Leg A G be — two or three Feet in 
Height ; th you. take off your Finger, the Wa- 
ter in — 1 q will 155 — 2 Bi it —— 
89.396, 15 er Leg, and riſe as high as E, whil 
the other falls as low as Ni, and afterwards it will 
riſe to D, 48 la fall again as low as M ; till atlength 
after ſeveral N 7 it will be at Reſt on both 
Sides at an equal Height as I F 
When in this &xperiment the Water begins to 
deſcend from the Leg 1 to go into the other, it ac 
celexates its Motion till it he at an Equal Height in 


the two Legs, as at I F, d. the Equilibrium 
ought to. bes and afterwards in Yo gradually 


iminiſhes till it be got to the and 
. the = io, eo 
its onion 5 7 t the 
glorefaid Level I F ,and dim 101 1 ul one of the 
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Heights be at D, and the other at M; and theſe VI. 
brations will continue till the Water be at reſt at 
IE, juſt as à Pendulum accelerates its Motion, till 
it comes to the Point of Reſt; which it dimin 

in reaſtending from that Point; and at length, 

ſeveral Vibrations, ſtands ſtill. 

The ſame: Thing will happen in a vellel, as 
ABCD (Eg. 16.) filld with Water up to E; 42 
if by pouring in Wuter at F you raiſe it as high as 
G, it will not remain in that Situation, after you 
have left off pouring in other Water: For the Weight 
of the Water G K HC, being ee than that of 
the Water KIL H, (LH and H C being ſappos'd 
equal,) it will for the fame Reaſons over-power it, 
and raiſe Water towards I K, and at the fame Time 
the upper Sarkace G. K inclin d, the Water 
will move from & towards I ; and for the ſame 
Reaſons, the Wa BLI will riſe likewiſe : And 
at laſt, after ſevera ations, 'the upper Surface 
of the Water will be upon a Level. Hence what 
happens, when a Stone is thrown into a ſtanding 
Water, as at N, (Fg. 17.) may be explained; for 
the Stone raiſing the Water round it in a Circulat 
Wave, whoſe Elevation is repreſented by O and P. 
it can't remain in that Poſition; but the part 0 will 
move towards L, and in its Motion will impel and 
raiſe the Water next to it as R, which will like- 
wiſe impel and raiſe that which follows it i — 
manner, that the Water rais d at O will 

move as far as . 

The ſame Thing will ha ppen to that Part of the 
Water raiſed at F, and by. this means a Circular 
Wave will ariſe, which receding from the Point 
N, will: grow larger and larger, till it reach the 
Banks L and M, if they be not too für diſtant; and 
in its Reflection from thence, a' new Circular 
F 4 Wave 
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Wave will be. form'd , which will advance on both 
Sides towards N, continually enlarging its Circum- 
ference, and leſſening its Height, till the whole 
Surface of the Water be got to a Level. 
Let us ſuppoſe now the two Legs (Fig. 18.) of 
unequal Diameters as ABCD, the Water will be 
at the Height EF, which is the ſame in. both 
Legs, and the Column AB will not over-poiſe 
Ty F; ou — the — B G —＋ 18 
luppoled Are, ixteen Times. greater than 
— Baſe C, and if it be poſſible let — Water de- 
ſcend from E to I, and aſcend on the other Side to 
D; that which is lupposd to deſcend from E to I, 
will be-equal to the Water contain'd betwixt F and 
D, and the two little Cylinders FD, EI, will have 
their Heights reciprocally as their Baſes : Then as 
16 is to 1, ſo is the Height FD to EI: Now the 
Cylinder EB being Sixteen Times greater than the 
Cylinder CF will weigh Sixteen Times as much: 
But the Space paſs'd through in the ſame Time by 
the little Cylinder, will be likewiſe Sixteen Times 
greater than the Space paſs d through by the great 
Cylinder, and their Directions are the fame, both 
being perpendicular: Then their Velocities muſt 
have been reciprocally as their Weights, and they 
muſt have had an equal Quantity of Motion, which 
is impoſſible; for by the univerſal Principle, theſe 
Cylinders ought to make an Equilibrium; and one 
can't make the other move , becauſe they are dif- 
pos d to take an equal Quantity of Mation, accord- 
ing to the fame Directioo. 
If you pour Water into the narrow: Tube till it 
be ag high as D, it can't remain there in a State of 
the Height F Dohe an Inch, and its Baſe an 
and F G 10 Inches, then the whole Column ol 
: 77 k . b oY f þ 7 1 & „ : Water 
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Water C D will be x1 Cubic: Inches, and the Wa- 
ter BE, 160 Cubic Inches. If then the whole 
Column CD falls an Inch, the Water EB will 
riſe ;; of an Inch; vis, the Height EL, and the 
Space E L will be the Meaſure of the Velocity of 
the Water B E, as D F is that of the Water C D: 
Now 160 multiply d by 16 gives 10 for the Quantity 
of Motion, and 11 multiply d by 1 gives 11; then 
the Quantity of Motion of the Water DC will 
be greater than that of the Water B E, or which is 
the ſame Thing, the Velocity of the Water in the 
ſmall Tube will be greater in Proportion to the Ve- 
locity of the Water in tke great Tube, than the 
Weight of this latter is to the Weight of the for- 
mer; and by the univerſal Dee, the Water in 
the ſmall Tube muſt deſcend. The ſame Conſe» 
quences may be drawn with reſpect to other une- 
qual Heights, till the two Surfaces of the Water in 
each Leg be upon a Level, nor will the Water be 
at Reſt, till it beat the ſame Height in both. 
The Water AG may be {till further conſidered, 
as divided according to its Length, into Sixteen little 
ſquare Columns, each of which may be ſuppoſed 
equal to the ſmall ſquare Column CD; and be- 
cauſe none of theſe ſmall Columns can riſe higher 
or fall lower than the others, the ſame may be con- 
cluded of the little Column C D, though it be not 
contiguous to them. 
Hence jt follows, that if you put a floating Bo- 
T upon the Water in the Leg AB, and» the 
eight of this Body he equal to that of the Water 
contain'd in the Height A E, when that Water is 
pour'd, off, the Water in the little Leg will ill 
remain at the Height CD, and there will be an E- 
guilbhrium betwingt the Column C D, and the Wa- 
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ter B E, Joined to the Weight of the Floating 
fr the 1 — above-mentioned.” Y Logs 
When the nartow Leg is very aal) as abou 
Half or one third of a Line in Diameter, the Wa. 
tet will riſe an Inch or two higher in that than in 
the other Leg; which likewiſe happens when 
you dip a Gaſs Tube, whoſe Diameter is leſs than 
one Quarter of 4 Line, into Water, for it will riſe 
therein to che ſame Height of an Inch or two Above 
the other Parts of the Water's Surface, and the 
whole Quantity of Water that rifes above the Level, 
in Tubes that are very ſmall, or in ſuch as are only 
| toderately ſo; as about a Line, or half a Line in 
Diameter, is ſenfibly equal to a great Drop of Wa. 
ter, Sli being fix to lome Body hangs 2 ar bh with. 

Phe ane FR may beer! in ehe Experiment of 
%s — before · mention d Fig. 14.) ; for if the Tube 

ery 1mall, as about half a Line in Diameter, the 
Wand will fall in it no lower than L, about an 
Inch above E, and then this particular Cauſe of Ad. 
hefion reſiſts the Effort of the Air, which is above 
the Water in the Tube; and the narrower the Tube 
is, the higher the Point L will be. 

Some attribute the Cauſe of this Effect to the 
Weight of the Air, which acts with its full Force 
upon the Water in the large Tube, and cant act ſo 
well upon that in the ſmall one; but this can t be 
he Reaſon : For if you dip ſuch a Tube in Mer. 

„it will not rife ſo high in it as the Level of the 

'of the Mercury; and yet in this Caſe the 

Frog of the ef ha ought to haye the ſame Effect 
i rey that it has upon the Water: 

eos i che of theſe narrow Tubes, that is not 

hors half an Inch high, be dipp'd in Water, the 

Water will riſe in it to the Top, altho' the Air — 

t cy 
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then no Difficulty to inſinuate it ſelf. And (for a 
further Proof, if the Sides of the Tube be — 
or if it has been ſome time without Wetting, 
contracts a certain greaſy Subſtance , which: the 
Water can't fix upon; and then the Water will not 
riſe above the Level, though the ſuppos d Defe& of 
the Weight of the Air continues the ſame without 
Altera tion. | FL: BER? 
This Effect then is to be explain d by the ſame 
Reaſons, that make Water in a Veſſel of Wood riſe 
above a Line and an half towards the Sides with a 
little Concavity, - which cauſes Two Drops of Wa- 
ter to Join together, when they. touch each other, 
of which Reaſons I have ſpoken at large in the 
felt Difourſ@ '. {1 -- 3 BH 514, 570 [1100 
A ſurprizing Effect of the Ezuilibrium of Water 
may ſeen in the following Experiment; take a 
| Veſſel or Butt of Water, about wo or three Foot 
broad, as ABCD, (Fig. 19.) make an Hole at the 
Top, as at E, and fix a Tube therein, of an Inch 
Bore, ſo cloſely. join d with Hurds and Pitch, or 
other glutinous Matter, that no Air can get into it, 
and let this narrow Tube, viz: EF be 12 or 15 In- 
ches high; fill the Veſſel with Water by ſome Holes 
made in the Top and afterwards ſtopp'd up, and 
ut thereon Seyen or Eight Hundred Pounds 
Weight which will fink that Top to a Concavity, 
5 AMD; if you put a white Mark on the out- 
fide of the Tube, as at the Point H, and at the 
Side a little higher a Ruler or Index as IL placd in 
a neighbouring Wall; and fix d in ſuch Manner, 
that it may remain immoveable; as you pour Wa- 
ter by little and little into the narrow Tube EF, 
you will ſee when it eomes to be full, that the Top 
AMD, together with the 800 Pound Weight that 
it bears, will de rais d not only to its firſt 5 
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AED, but that it will take even a Convex Figure, 
and be rais'd in the Middle as much above the 
Point E, as the Point M was below it before; which 
will ſee by obſerving the white Mark H riſe by 
ees above the Ruler I L, with which you may 
meaſure the Difference. And if the Tube be lon- 
ger, the Elevation of the Weight will till be 
greater: Whence you may conclude, that the:{mall 
Quantity of Water in the Tube has as much Force 
to raiſe this great Weight, and puſh up the Top of 
the Veſſel to a Convexity, as if the Tube were of 
the fame Bore or Breadth as the Veſſel. This Effect 
is provd by the ſame Reaſons before-mentioned, 
concerning the Water in the ſmall Tube CD, which 
will raiſe the Water in the Tube B A (Eg. 18.) when 
*tis no higher than E, tho' it ſhou'd weigh 1000 
Times as: much : For the Velocity which the Wa- 
ter in the ſmall Tube F E (Fg. 19.) will take in its 
Deſcent, will be to the Top of the Veſſel inaſcending, 
as the Surface of this Top is to the Surface of the 
Water in the Tube; that is to ſay, if the Tube 
be an Inch in Diameter, and the Top of the Veſ- 
ſel 30 Inches, the Surface of this Top will be 900 
Times greater than the upper Surface of the Wa- 
ter in the Tube: Then if the Water in the Tube 
deſcends an Inch, that which touches «the Top of 
the Veſſel will riſe but z Part of; an Inch. And 
— if the Water in the Tube weighs a 
Pound, it will make an Equilibrium with 900 
Pounds, then it will raiſe the 800 Pounds that are 
on the Top of the Veſſel, with the little Quantity 
of Water that is above AED, but for the greater 
ExaQneſs of the Calculation, and of the manner 
of Reaſoning , you muſt ſuppoſe that the whole 
Top of the riſes all at once, + 
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When one of the Legs of a Syphon is inclin d, and 
the other Perpendicular , both being pretty near of 
the ſame Diameter, Water in that Syphon will Iike- 
wiſe be. upon a Level; (ſe the 2oth Figure) for let 
the Syphon A BC be plac'd in ſuch manner, that 
the Leg AB may be Perpendicular, and C B in an 
inclin d to the Horizon, it is manifeſt. that the 
Weight of the Water in DB will be to the Weight 
of the Water in E B, as the Bulk DB is to the 
Bulk EB; but if E D be an Horizontal Line, the 
Sum of the Force, which the Water E B has to de- 
ſcend, to hae _ _ — — 
icularly, as the is to t | 
5 Therefore it will make an Eguilibrium with 
the Water DB, whoſe Direction is Perpendicular 
according to the univerſal Principle; for the 8 
paſs d through in the ſame Time by both Quanti- 
ties of Water in each of theſe Tubes, according to 
their natural Direction towards the Center of the 
Earth, will be in a Reciprocal Proportion of their 
Weights, that is, as the Weight of E B is to that 
of DB, and conſequently the Water' EB will not 
over-poiſe the Water BD ; the greater Friction in 
the long Tube may cauſe ſome Difference, and a 
little retard the Motion of the Water along the in- 
clin'd Plane EB; but altho” either of theſe Tubes 
ſhou'd be larger than the other, that wou'd not hin- 
der 2 Equilibrium for the Reaſons above- men- 
tion d. 
When a Syphon has one of its Legs much lar- 
er than the other, as in the 2 iſt Egure, ſtop the 
Mouth of the little Leg with your Finger, and af- 
terwards fill the great onewith Water, then take off 
your. Finger all at once, and you will find that the 
* firſt Motion of the whole Column of Water A B 
is retarded, by Reaſon of the Difficulty which ie 
meets 


through F C is much fa 
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meets with in its ze at G; but the Motion 
In its Beginning, than 
when the Two Legs are of equal Bore ; whence it 
happens, that if you pour a little Water into the 
Leg F C, till the Tube of Con junction B C be full, 
and after you have ſtopp'd the Mouth F with yout 
Thumb, you fill A B, the other Part of the Syphon, 
up to the Horizontal Line E D, and then take off 
your Thumb all. at once, the Water will rife higher 
than D, even up to E, becauſe the Water in the 
1 Leg, though it deſcends ſlowly; yet it makes 
t in the little one riſe very faſt, and all the Wa- 
ter being in Motion, in order to come to an Zqwi- 
kbrium, it ſtill moves (after it has got thither) by 
us acquir'd Velocity, as appear d in the uniform 
phon which cauſes the Water in the great Leg to 
deſcend ſtill, and make the other riſe Three or Fout 
Inches above D; from whence it deſcends again, and 
after ſome Vibrations ' ſtands at laſt at the ſame 
Height, in both Legs below E F ; and though the 
Tube AB ſhou d be full before you take off your 
Thumb, the Water wou d ſtill ſpout up Three or 
Four Inches higher than F, provided the Leg AB 
be much larger than C D; for then the falling and 
rifing in this large Leg will be very fmall and al- 
moſt inſenſible. Theſe are the Experiments that 
have been made concerning it. 
I took a Veſſel made of Tinas AB CD, (Hg. 22.) of 
Four Inches Diameter, which had a Tube E E, to 
which ewas bended Glaſs Tube, as FG H; I ff d 
the Veſſel and the Tube E F, after 1 had ſtopp d 


the Mouth at H with my Thumb „to hinder the 


Air from getting out; and when L had taken off my 
Thumb, the Water ſpouted up to 1, Three Inches 
higher than the. Surface of thie Water D A ; but 
when the Glaſt Tube reach d Five or Six —— 
c N 1 
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highet than A D, the Water roſe in it Four Inches 
higher than H, from whence it fell again; and at 
length came to an Equilibrium. The ſame Expe- 
riment was made in a Tube LE F, whoſe Diameter 
was equal thtoughout, G H being fill narrower: 
tes LE F, and the Water —1 up above the 
Point H, juſt as it did when the Veal A D was 
above EF Now in theſe Caſes the Water begins 
to riſe. pretty faſt at G, and afterwards riſes a little 
— when the Water LE has acquired: ſome Mo- 
But this Velocity in the Paſſage from G to- 
Hb begins to diminiſh, when the Water in each 
Tube or Leg is come to an Equilibrium, that is, to 
the Height at which it — to ſtand in both the 
Tubes, as to the Horizontal Line K M. But if you 
put different Liquors in the two Tubes; the lighteſt 
will be higher than the other, in a reciprocal Pro- 
portion of _ ly gas The * a RO 
are As Fol OW. „e Ai 


4 5 for the Equiliteium of een Ligur h 
4 A We: eight 
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5 THERE are two Sorts of Gravity | in Bodies hesw 
to be conſidered ;- one proceeding from the Maſs or 
Bulk of the Body, as A Cubic Foot of Wood weighs 
more than a Cubic Inch of the ſame kind of Wood, 
the other proceed ing from the Denfiry of Bod ies, or 
from ſome other Reaſon by which one ic Body weighs 
more than another of equal Bulk, as a' Cubic Inch 
of Gold weighs: more than a Cubic Inch of Iron 5 
this latter we ſhall call Seciſic Oruvity; thus tlie 
Specific Gravity of Water is greater chan that of 
Oil ; the Gravity of the Air, in which the Body is 
weigh d, is not here confide nh in 2 
nets it ought, o be. | my 
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Let there be an Exuilibrium of Water at the Height 
DE, inthe Syphon AB C (Fr. 23.) ; pour ſome 
Oil gently into the Tube CD, to the Height C, 
then you will ſee the Water deſcend: below E, and 
riſe about D in the other Tube ; let EF be the 
Meaſure of the Deſcent, and DG of the Elevation, 
and draw the Horizontal Line F H; then the Oil 
FC will be to the Water HG reciprocally, as the 
Specific Gravity of the Water is to that of the Oil; 
for the Water F B will make an Equilibrium with 
the Water B H, then the Oil FC will make an 
Exrilibrium with the Water HG; now that the 
whole ſhou'd remain in this Situation, tis 5150 
that the Parts H and F ſhou'd be equally preſs d, 
from the above mention d Principle : Then the 
Quantity of Oil FC will weigh as much upon P, 
as the Water HG upon H. The fame Effect will 
__ in Mercury and Water; for if you put 

cury into the Syphon ABC to the Height 
DE, and then — in Water gently at C, inclining 
the Syphon a little at firſt to hinder the Water's 
mixing with the Mercury, and let the Water riſe 
up to C, and the Mercury to I, the Water will 
then fall to the Horizontal Line K L; and the Wa. 
ter K C, together with the Mercury K B, will 
make an Equilibrium with the Mercury BI; and 
as the Specific Gravity of Mercury is to that of 

Water, ſo reciprocally will the Height K C be 
to the Height L I, and by this means it will be af 
to determine the Specific Gravity of Liquors with 
reſpect to each other; for if Mercury weighs fout- 
teen Times more than Water, K C will be fourteen 
Times longer than L I. o „ 4-3 
Having treated of the Equilibrium of different 
Liquors, with reſpeU to one another, that of Solid 
Bodies ſwimming in Water, as Wood, Wax, Cc. 

comes 
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comes next to be conſider d; concerning which you 
may obſerve the following Rules. 


— . 
EL 


— 


Rules for the Equilibrium f ſolid Bodies, 
whoſe ſpecifick Gravity is leſs than that of 

Water. © | | 8 

| RULES L 


Every ſolid Body heavier than Air, and lighter than 
Water, being put into Mater, will ſink in it a little, 

and the Part ſo immers'd will be to the reſt of the 
Body, as the ſpecific Gravity of that Body is to 
that of Water. | 


PUT ſome Water into, a Veſſel, as BCDE 
(Fg. 24.) whoſe upper Surface is BC; and let 
AF GH bea ſolid Body, ſpecifically lighter than 
Water, and heavier than Air; I fay that it will not 
remain upon the Surface of the Water; for the 
{quare Column of Water KR L1 would be more 
preſs d than B EI K, a Column equal to it, fince jr 
would have an Addition of the Weight of the Body 
AH; then the Weight will deſcend, and dip in 
the Water, but not ſink fo as to be entirely cover d 
wit hit, becauſe then the Column K RI L, made 
this Body and Water, would be lighter than 
equal Column of Water aa B EIK. Let us ſup- 

hen that the Body immerges as far as K R, 
and that the Water about it riſes to B C, which is 
higher than it was before, becauſe the immers'd 
Part of the Body as K G H R takes up the Place 
of a Part of the Water that is oblig'd to riſe: I | 
ſay then that the Water contain d within the Space | 
KG H R, whoſe Place 8 Body takes up, is equal 

in 
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in Weight to the Weight of the whole Body; that 


is, if a Quantity of Water equal in Bulk toK G HR, 
weighs as much in the open Air, as the entire Body 


AFGH, then it will remain in this Situation ; and 


K RG H the immers'd Part will be to the whole, 


as the ſpecific Gravity of that whole Body is to 


that of Water. 

So if the ſpecific Gravity of the Body A F GH be 
to that of the Water, as 3 to 4, the Part of AF KR, 
which will appear above the Water, will be one 


Fourth of its whole Height; for if the Body 


weigh'd 12 Pounds in the Air, an equal Bulk of 


Water would weigh 16 Pounds; and confequently 
if the Part KR GH were Water, it would weigh 


12 Pounds, but as it is Wood, therefore it will 
weigh but 9 Pounds, and A F K R the Part above 
the Water will be 3 Pounds, and the whole will 
weigh 12 Pounds, as that Bulk of Water whoſe 
Space is taken up by that Part of the Weight which 
immerges in it would weigh 12 Pounds, according 
to the Proportion of 3 to 4; and by the firſt Rule 


the Wood will remain in this Situation in the 
Water. 


And becauſe Cork is 4 times lighter than Water, 
if you put a Cylinder of Cork as AFGH, into the 
Water B CE D, it will fink a little; and if the 


Superficies of the Water be double to that of the 


Baſe of the Cylinder, the Water will riſe but the 
eighth Part of the Cylinder's Height, and only one 


Fourth Part of the Cylinder will fink into the Wa- 


ter; ſo that the Part which will-remain out of 
— Water, will be three Fourths of the whole Cy- 
inder. 

Water ſticks ſometimes to light Bodies, and riſes 
in a ſmall Concave againſt the Part above K, and 
ſometimes makes a little finking under it, = — 

2 ore 
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before expþlain'd ; which might create ſome Diff- 
culty; but the Difference which this ſmall Quantity 
of 0 ter makes by riſing above the reſt of the Sur- 
fice of the Water, is ſo little, that it is not here 
conſider d. | N 

This Property of Water's ſticking or not ſticking 
to certain Bodies, ſometimes produces ſurprizing 
Effects, as appears by the following Examples. 
AB C is a Glaſs half full of Water, whoſe upper 
Surface is D E; if a little frothy Bubble full of 
Air as F (Fg. 25) or alittle hollow Ball of Glaſs, full of 
Air, and lighter than Water, or any other Body of that 
kind ſwims at Top, it will move towards the Sides 
E or D, and ſtick there as if it wete glew'd ; but 
on the contrary, if the Glaſs be quite full of Water, 
as to A C, rhen the little Ball K cannot get near the 
Side, and if you puſh it thither, it will return 
rowards the Middle at K. Bur there are other very 
{mall light Bodies, which produce quite contrary 
| Effects. Take a ſmall Ball of Wax not wet, and 
| place it gently upon the Water at F; when the Glaſs 
is not full, it will fly from the Sides; but if you put 
it towards the Middle at K, when the Glaſs is full, 
it will go with Precipitation towards G, till it 
touches the Sides of the Glaſs. 

Theſe Effects may be explain'd after the following 
manner. 
AB (Fig. 26) is the Surface of the Water when 
the Glaſs is not full; C D is the Side of the Glaſs 
where the Water makes a little Riſing ase fg; E 
is the Ball of Wax, which being fat, and plac'd 
gently upon the Water, makes a little Hollow there- 
in, becauſe the Water does not ſtick to it, and 
the Ball ſinks beneath the Surface of the Water 
AHK B, till that Part beneath the Surface, toge- 
ther with the Air compriz d below the pricked hori- 
G 2 zontal 
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forwards till the Section HI K meets the Convexity 
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zontal Line, weighs as much as the Water that 
was contain d within the Space contain'd by that 
printed Line H K, and the Curve HI K; now if 
ou puſh the Ball forwards as far as g, when the 
Point K, which is the Extremity of the Concavity 
H I K endeavours to approach nearer the Side of 
the Glaſs than the Point g, then the Water at ej 
being no longer ſuſtained by that at the Pointg, 
deſcends, and repells the Bowl till the Point K be 
join d to the Point g, the Curve e f g remaining in 
its firſt Situation. f 
But if the Glaſs be quite full, and the Water 
riſes above the Brims, without running over, as it 
may eaſily do, and as you ſee it does in Fig. 27, 
where the Water makes a Convexity from L to the 
Side of the Glaſs B; then, when the Ball E is got 


L B, as it does at P, this Point P will be lower than 
the Point H on the other Side of the Ball ; and by 
this means the Ball will bear on a Declivity, which 
will ftill encreaſe, as that ſame Section draws nearer 
to B, and this Inclination will become yet more 
ſteep till the Ball touches the Glaſs at the Point 
B, as you ſee in the ſame Figure, at the other Side 
of the Glaſs. | 

For the ſame Reaſons, when two of theſe Balls 
are put pretty near one another, they will Join each 
other: (Fig. 28.) for let the Line AC D E F B be 
the Level of the Surface of the Water; Ca e E, D 
e F the two Hollows made by the Balls, and the 
Point e the Interſection of thoſe Hollows; tis plain 


that the Point e will be lower than the Level of the 


Water A CF B, and conſequently that there will be 
an Inclination on both Sides; which will cauſe the 
Balls to move forwards till they meet each other, 


2s you ſee in this ſame Figure. But if one <p 
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Balls be wet, ſo that the Water may ſtick to it, they 
will repell one another, which is prov'd after the 
ſame manner; (Fg. 29.) the wet Ball B will cauſe 
a Riſing of the Water as CB and BD, and the other 
Ball E a Hollow as FGH; if you puſh them one 
againſt the other, the Water will riſe more towards 
C betwixt the two Balls, and in a greater Quantity, 
which will repell them from each other. 

But if both the Balls in the foregoing Figure be 
wet, they will approach each other by reaſon of the 


Concavity betwixt them, and they will join for the 


l 


ſame Reaſon that two Drops of Water unite and 
make but one. For the two Riſings of the Water 
BC, CD (Fig. 30.) are as two half Drops, which 
muſt join if they touch ever ſo little. | 

The ſame Reaſon makes two wet Balls join and 
go on together towards the Sides of the Glaſs when 
It is not full; for there is then the ſame Elevation 
of the Water, and when it is full, and the Water 
riſes above the Brims, the wet Ball is puſh'd from 
them after the ſame manner in which it is repell'd by 
a Ball that is not wet ; for as it goes forwards to- 
wards the Side of the Glaſs C (Eig. 31.) the little Ele- 
vation of the Water A B raiſes that betwixt Band C 
ſomething higher, and then the whole Elevation has 
greater Force than the ſingle Elevation D F, which 
is but a Concave; and conſequently the Ball will 
be repell'd on the Side towards D, as appears by 
Experiment. 5 

The Difficulty with which Water ſticks to Wax, 
is the Reaſon that ſometimes Bodies heavier than 
Water do not ſink to the Bottom; as if the little 
Cylinder E K be of Lignum Vite, or any other 
Wood heavier than Water, be rubb'd over with 
Tallow, or cover'd with ſome Varniſh, to hinder 
the Water from ſticking to it, it will remain ſuſpend- 
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CO which is equal to it, and you may even puſh 


vided the Curves FG, M L be leſs in Depth than 


it, if it be a little greaſy or dry; but as ſoon as it 


—— —— — 


- — 
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ed, and. make a Dent in the Water as FGH KI 
L M; (Fig. 32.) For the Space of Air GF LM, 
which is below the Level AFM B having no 
Weight, the Baſe OP will be no more chargd than 


the ſmall Cylinder downwards a little way with 
your Finger, without its going to the Bottom, pay 
2 Line 


and a half, for they may be two Lines long, and yet 
the Water not flow upon G L; but then there will 
be more Air at Top, and as ſoon as you take off 
your Finger, the Cylinder will riſe up again, not 
becauſe the Air draws it to it, but becauſe the Co- 
lumns of Water of each fide, whoſe Baſes are equal 
to PO, weigh more, and therefore make the Cylin- 
der G L to riſe. For the ſame Reaſon you may put 
a ſmall Needle upon ſtill Water, without its ſinking 


is wet, the Water will ſtick to it, and no Dent 
being made to receive the Air, it will go to the 
Bottom. | 
It may be wonder'd why Ice goes to the Top of 
the Water; for one would imagine that being 
colder than flowing Water, it ought to be more con- 
dens'd, and conſequently heavier; but you ate 
to conſider that there are always ſome Bubbles ot 
Air interſpers'd in Ice, as was explain'd in the firſt 
Patt, and *tis this Mixture of Air that makes it 
tighter : And tho' in {ome Parts of the Ice this 
Mixture is not viſible, by reaſon of the Smallneſs 
of the Bubbles of Air, yet 'tis probable that there is 
always ſome little in it, and that this little join d 
to the Ice, whoſe Condenſation with reſpect to Wa- 
der is not yery conſiderable, may make a Compound 
heavier than Water. ESSE 
Pi 


L 
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The fame thing happens to Lead, Tallow, Wax, 

and ſome other Bodies of that kind; for when theſe. 
Bodies are melted, they ſuſtain thoſe Parts that are 
not melted, which muſt proceed from there being 
ſeveral void Spaces always interſpers'd in thoſe Bo- 
dies as they begin to grow hard, If you cut a 
Bullet in the middle, you will find a confiderable 
Void towards the Center. Tallow, when it con- 
geals, becomes opaque from the little void Inter- 
Fals that are in it, which hinder the Light from 
going on in a direct Line on account of the ſeveral 
Reflections and RefraQtions which it undergoes, 


N The Application of this Rule. | 


Take an empty Veſſel as ABCD (Fig. 33.) and 
it into Water as F EIL contain d in ſome other 
eſſel, repreſented by GLI H keeping the empty 
Veſſel in ſuch an upright Poſition, that it may not 
overturn z as much Force is requiſite to hold 
part of it at a certain Depth below the Surface 
of the Water E F, as would be to ſuſtain in the Air 
the Weight M, which being put in the Bottom of 
the Veſſel AB C D would keep it in that Situation; 
the Sum of which Weight, together with that of 
the cmpry Veſſel, ought to be equal to the Weight, 
of the Water whoſe Space is taken up by the im- 
mers d * of the Veſſel NO D C, as was before 


explain | 

This Experiment may be applied to Ice which 
forms it ſelf in Rivers round Piles that ſuſtain 
Bridges, to judge whether if the River happens to 
ſwell by extraordinary Floods, the Ice which ticks 
to the Piles can raiſe them up, and overthrow the 
Bridge. For, ſuppoſe the Ice to be a Foot thick, 
and that together with the Air with which it is 
G 4 fill d, 
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fill'd, it weighs ; leſs than Water, a Calculation 
may eafily be made to know what Weight will hin- 
der it from riſing to the Top of the Water; for if 
its Surface be 400 Foot, it will then conſiſt of 400 
Cubic Feet, every one of which will weigh 64 
Pounds; whereas a Cubic Foot of Water will weigh 
70, and the Produtt 6; the Difference betwixt 64 
and 70 being multiplied by 400, gives 2400 Pounds; 
Now if the Weight of the Piles that ſu the 

Bridge be above 2400, the Ice will not 9 uck op 
the Piles; for beſides their Weight, you muſt con- 
{ider; that the Reſiſtance of the Piles by their 
Friction againſt the ſolid Foundation in which they 
— * will likewiſe prevent them from being 

rc'd up. Oye 3 

if the Ice were only ſticking to the Piles at Top, 
and extremely long as A B, it might ſerve for a 
Lever, (Fig. 34. having its fix d Point the laſt 
Pile CD) to pluck up the Piles E F and GH ; but 
the Portion of its Force is to be eſtimated only 
from half the Diſtance A B, becauſe every Part of 
the Ice acts only according to its own Diſtance from 
the fix d Point D; but if there be Ice likewiſe on 
the other Side, and of the ſame Length, it will 
then act with all its Force: But as Bridges are 

commonly very heavy, they are rather born down 
by the continual Shock which they receive from 
great Flakes of Ice, which ſhake them by degrees, 
and by frequently daſhing againſt them at the Top 
of the Water, root them up; than by the Riſing of 
5 => underneath which can't produce ſo great an 
If a very light Body be put into Liquors of diffe- 
rent ſpecific Gravity, its Part immers d in the one, 
will be to its Part immers d in the other, as the 
- | 4 „ 164179807 «pee 
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ſpecific Gravity of one Liquor is to the ſpecific Gra- 
vity of the other. . . | beg 
For the ſame Reaſon Ships or Boats laden with 
Goods ought to fink in Water, till a Bulk of Wa- 
ter equal to the immers'd Part, weighs as much 
as the whole Veſſel with its Burden ; whence it 
has ſometimes happen'd, that a Ship coming out of 
the Sea into Rivers, has ſunk to the Bottom; be- 
cauſe the freſh Water being lighter than the Sea 
Water, the Weight of the Veſſel was greater than 
that of an equal Bulk of freſh Water _ to it; 
and in the the Weight of the Veſſel was lefs 
than that of an equal Bulk of Water. : 


RULE 2. 


Bodies lighter than Water being Rept by Force at the 
Bottom of the Water, and afterwards let go, riſe 
to the Top of the Water in the following manner: 
(Fe. 25.) ABCD is the Water contain'd in the 
Veſſel; EF GH is the Body whoſe Specifick Gra- 
vity is leſs than that gf Water; now the Column 
KIGH weighs leſs than a Column of Water of 
equal Bulk as I H BD, and conſequently the Wa- 
ter near the Point H, betwixt H and D, is more 
preſs d than that betwixt G and H, and will there- 
fore inſinuate it ſelf, and get under the Body GH, 
and will puſn it upwards. The other Parts of the 
Water at the Bottom of the Veſſel which are at the 
ſame Depth as the loweſt Part of the Body, will 
have the ſame Effect to puſh it upwards ; and as it 
gets higher, meeting with the ſame Diſpokitions, 
it will continue to riſe till part of it be got above 
the Surface of the Water ; and becauſe it will riſe 
with ſome Swiftneſs, it will paſs a little GR 
| tne 


the Place at which jt ought. to teſt; hut it 
85 again a little bd that Place, 204 5 ; 
res, ſome Vibmtions, will ſtand at the Place of 
its Equilibrium, according to the foregoing Rules. 
Ant if there had been a Hole at the Bottom of 
the Veſſel as I, thre” which the Water ſhould run 
qut, the Body F H would not riſe at all; for thy 
Water which ought to puſh up the Body, delgends 
thro the whole, and by its viſcous Quality draws 
Me: Fog to it; and being preſs'd above by the Co; 
lumn of Water K EI F, it will always remain at 
tue Bottom of the Water till all be run aut. 
Tis evident from what has heen hid, that if AB CD 
(Fig. 36.) be a Veſſel full of Water, having an Hole 
at E, the Water which is on one Side, as at F, be- 
ing preſs d by all the Water above ſt, will be preſs d 
hy à greater Force towards tha Hole, than that at 
Paint I, which is perpendiculgrly above the faid 
e. If the Point G he farther diſtant from 
the Point E than the Point F, you will ſee an 
Experiment gf it, by letting fall inte the Water a 
lirile piece af wet twiſted N or on other lit- 
tle Rody alittle heavier tha. ater ; for as ſoon 3s 
you havo taken off your Finger which ſuſtain'd the Na 
ter at E, the Water running out will be followed by 
the Paper that was at F, which ſhews that the Parts 
of the Water next this little Body ate puſh'd that 
way, as well as the other Parts negreſt the Hole, 
which are compriz d within the Hemiſphere QH 
N; thoſe. that aue neareſt of all, as at M or F, 
cceed thoſe that run out faſter, than the mote 


diſtant Parts, as H and L, and à great deal faſter 
than chaſe that are at G, or how at O. The 
Experiment may be made by letting fall ſeveral little 


Bodies into. the Water before you taks, off your 
Finger 3 for you ill fer that thalg, 3 Ao 
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kich fell thit hither e e Nn divert from 


; heir Courls, adii.of the He 
; 
WM) or G. 1 will Rappen if che Hole 
| ad of ie ati 
as ſoon as you have taken * your Eng 
let Parts of the Lees will riſe, and running c 


dere fi F. and 1. F. wich z greater 
he made AP E; for the lit 
. Reaſon if you, Pierce an Hogſhead of Wine, Arn; 
| 7h the ce of the Wine make t | thick and 


W han the lixt Then Bodies of the ng kind fk ore 
within the Hao KRS, WY. 

Wore, the LY, and the Hole be pretty large, x 
hen the Holes E or-P are very ſmall, the He 


Piere does nat e 5 Lo a when * are large 


1 I, who) 7 Ser is per than oy 
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The EXPLANATION! If 3 
Tet A be a Body | heavier than Water 37; 
it will fall after 1505 as 
would in Air, 90 U not 15 115 the W 
5 = 
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C 94 D, oe all tle Water in the Veſſel a bi 
bat in Motion, and when the Body js ng, | 
: 1 B, it will cauſe on Vortice b fill ; 
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" Suſpend the Body A B, in Water by the Cort 
C D, (F. 38.) and ſuppoſe that the Part E be 
taken out of the Infide, ſo that the Remainder may 
weigh as much as the Water which would fill the 
Space A B, if the Body were remov'd ; *tis evi. 
dent that it will then make an Equilibrium with an 
equal Bulk of Water on each Side; and / confe. 
| 8 that it will weigh nothing upon the Cor 

D, no more than if you dipp'd it into the Wa 
ter without the Body : Then if you imagine that 
thePart E, is replac'd in the Body A B, the whole 
will weigh upon C D, no more than the Weight of 
the Part E; from whence the Truth of the above. 
mention d Propoſition is fairly deduc'd. Hence may 
be found a Method of knowing the Specific Gravity 
of all Bodies heavier than Water, as well with fe. 
to Water, as other Bodies; for Example, let the 
y A B be Gold, you muſt weigh it in Water with 
Balance, fixing it to one of the Scales by a little a 
String, and' putting an equal Weight in the other 
Scale, and then letting it wholly immerge in Wa- 
ter; now if to continue the Equilibrium in the 
Water, you are obliged to take away . of that 
Weight that made an Eguilibrium with it in the Air, 

-you will know that the Specific Gravity of Gold is 
to that of Water as 18 to1 ; and if the Body, be 
of Lead, and you are to take away 4 of the 
Weight which made an Equilibrium with it in Air, 
you will know that the Specific Gravity of Water 
with reſpect to Lead is as 1 to 11; and likewiſe 
that that 'of Gold to Lead is as 18 to 11 ; thence 
you may diſtinguiſh, whether a Piece of Gold be 
good. or bad, without making = Alteration in it; 
for if by an Experiment of this kind, you find that 
it loſes one 1 2th or 14th of its Weight in Water, you 


may conclude that there's a pretty. large ber 
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of other Metals mix d with it, as a Third, or per- 


haps One half of the whole, and therefore that tis 
bad z but if it loſes but one 17th, you may take it for 
becauſe there will be very little Mixture in it. 

you hang a great Cylinder of Glaſs or Metal by a 
Cord in a Bucket, in ſuch manner that it may al- 
moſt fill the Bucket without touching either the 
Sides or the Bottom, and afterwards pour in Water, 
to fill the void Spaces up to the Heighth of the 
Cylinder; then he that eafily ſupported the Bucket 
before the Water was pour'd into it, will ſcarce be 
able to bear it; for it will weigh as much as if the 
Cylinder were taken away, and it were full of Wa- 
ter as high as the Cylinder; and he that held the 
Cord will be eas'd of as much Weight, as that of 
the Water would be whoſe Space, is taken up by 
the Cylinder : The Reaſon is, becauſe it is then 
ſubje&t to the fame Rules as Bodies ſuſtain'd in 
Water, which loſe as much of their Weight as the 
Weight of a Bulk of Water equal to the Space 
which they take up; and conſequently he that held 
the Cord muſt perceive himſelf eas'd of a Weight 
equal to that of a Quantity of Water of the ſame. 
Bulk as the Cylinder, and he that held his Hand 
under the Bucket muſt bear as much Weight, as the 
other was eas'd of, befides the little Addition of the 
Water that was pour'd in. 4 85 
Sometimes Bod ies lighter than Water fink to the 
Bottom, for a Reaſon very eaſily explain'd; of 
which you have the following Experiment. Take a 
Cylindrical Glaſs 7 or 8 Inches in Height, and 3 or. 
4 in Breadth, as A BCD (Eg. 39.) which in the 
Middle of the Baſe has an Hole, as E, about 3 
Lines in Diameter; ſtop the Hole with your Finger, 
and then having fill'd the Glaſs with Water, put a. 
Ball of Wax as F on the Top of it, ſmall enough 
| t9 
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a theo wy Hole at 1 and when the Water i; 
| ue EO take off your Ln Trap let the 
j the Wax wilt el as the Sit- 
* ater does, and go ür at E with the 
Af Water, But if you give te Wis ne 
cifiat Motion, either by 55 agaf 
6f the Glaſs; UN LOS. 1 ts 
Finger fo r rs you will the Ball imme. 
diately deſẽ as fooh 4s the Water degins to rut 
out, * there will be a void Spate in the Middle 
ef the Water, into which the Air will infinuate it 
felf, as from H to E; which Void will not be fill d up 
ll all the Water be run off, and you will ſee all the 
Time as it were a twiſted Colt wof Air Hor 5 
Top of the Water down to the Aperture at E 
This Effect is thus explain d. 0 if 
Hemifphere C ILMD is pufh d towards E, whet 
the Water is fill, Vichout confiderable Mo 
26 4s defore prov'd; and it fucceeds the W 
mat funs out, before that towards H can fall ſo lou; 
Bur when the Water has a great Circular Motion, 
mne lateral Parts towards M and I, of # and / carft 
get to E till after 4 or 5 Spiral Turns, And are eyen 
carried towards the Sides of the GR, beravfe they 
ade puſned along the Tangents of the Circles which 
2 deſeribe; whence it happens that the entite 
Coſumn F E falls down to the Hole immediately, 
aud paſſes thro” it, together with the little Ball of 
Wax at the Top of it; and becauſe the Water on 
eich Side of this 3 that ran out can't fill up 
its Place faſt enough, by reaſon of its Circular Mo- 
tion, whoſe Direction 3; not that Way, the exter- 
ral Air muſt Neal infinuate it felf by its Weight 
2 and remain there till all the Water he 


un out 4 f 
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It ſometimes happens that the Ball of Wax does 
not lye directly upon the and then it is cat- 
ried. a little on one Side within the Water; nay, If 
it returns towards the Middle, the Air by i its Spri 
repells i it towards rhe Sides of the Glaſs ; but at la 
it gets into the em — * Column, and turning round 


with great Swiftneſs, paſſes on thro' the Hole before 
half the Water be run out. 


"For the ſame Reaſons, if there be à larte Hole of 
Paſſage under the Bottom of any deep Water, whe- 
ther in a River or the Sea, thro which the Water 
= flow down. to ſome "lower and more diſtant - 

thc, 46, they , the Cafpian Sea empties” 
' rrito the Euxine, Ahe Watet will Ata ifi A | 
$i that paſs'over this Whitl- Pool; for the W 


* flin? chere in an inclin'd Dire on, kes 4 
tion, and has the net Ws fe- 


A a the Ship ps that in n it, as tlie Water 
tlitns round in the Glaſs A CD has with te- 
+6 the Ball of Wax. Tis ti NEW 
t in ſotne Sea near Sweden, thete is ſuch 4 17 
Pool as T have deſerib d, and thar the Sn Re- 
thains 6f Ships have been ſeen in a Sea 1 not far 
diſtant, which i is lower. Tis eafy to conceive th 
the Water will be a longer 'Tirtie in funning 
thro' the Hole E, when it Parte tound, than when 


it does not, becauſe in the firſt Cafe the; Air takes 
14 forme Part of the Hote. RF IIA 
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XI and Flame acting by their Spring make a 
A Equilibrium with other Bodies. The Spring 

the Air is evident from - ſeveral Experiments, 
both in Barometers where it is very much: dilated, 
and in LAS 5 where it is extremely condenſed; 
but theſe Dilatations and Condenſations are not eafily 
explain d. To give you ſome Idea of them, you 
muſt conſider the whole Extent of the Air from Top 


to Bottom as a great Heap of Spunges or Balls of 


Cotton, the higheſt of which have their natural Ex- 
rent ; but the lower being preſs d by the Weight of 
thoſe above them, will be reduc'd to a very ſmall 
Compaſs ; and when diſcharg'd of that Preſſure, 
will return to their former Dilatation. 
According to this Hypotheſis, you may ſay, that 
the Air here below makes an Equilibrium. by its 
Spring, with the Weight of all the reſt of the Air 
by which it is preſs d; fo that if this upper > 
ſhould become heavier, or there ſhould happen 

be more of it, the lower Air would be a little mote 
condens'd than it is ; and if the upper Air ſhould be- 
come leſs heavy, or there ſhould be leſs of it, the 
lower would be more dilated. The Spring of the 
Air may likewiſe be compared to a Steel Spring, 
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which is more preſs'd down and contracted when a 
greater Weight is laid upon it, and again opens and 
extends it ſelf] when ſome Part of the Weight is 
taken off; and as it may be ſaid, that a Steel Spring 
being preſs d and reduc d to a certain Figure by a 
Weight lying upon it, in this Situation makes an 
Eguiſibrium with that Weight; ſo in like manner 
one may Ny, that the Air in its condens'd State 
here below, makes an Equilibrium by its Spring with 
the whole Weight of the Atmoſphere. | , 
Many Experiments ſhew, that Air is condens'd in 
Proportion to the Weight by which it is compreſs'd: 
The following one is very eaſy. Take a bended 
Tube of Glaſs as ABC (Beg. 40.) closd at the 
End C, and open at the other; pour ia a little 
Mercury up to the Horizontal Height D E, that the 
Air enclos d within the Space C E may expand it 
ſelf neither leſs nor more than the Air in the other 
Leg of the Tube; for if the Quickſilver were a lit- 
tle higher in one Leg than in the other, the Air 
would be leſs preſs' d in one than in the other. The 
Height E C muſt be moderate, not above 12 Inches, 
as is ſuppoſed in this Figure; and the other D A, 
as long as you can well have it. The Mercury 
then being on both Sides of an equal Height towards 
Dand E ; and there being no farther Communica- 
tion in the Air in EC, with that in DA, pour in 
ſome more Mercury thto' a little Funnel at rhe 
End A, but take care that no more Air gets into 
the Space E C; you will perceive that the Mercury + 
will riſe by degrees towards C, and will condenſe 
the Air that was in CE; and if E F be fix Inches 
high, and F G an horizontal Line, the Mercury will 
have riſen in the other Leg as high as H, if this 
Point be 28 Inches diſtant from the Point G, and 
he Mercury in common Barometers be then at the 
5 Height 
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Height of 28 Inches in the Place where you make 
your Obſervation ; for if it be but at 27 and a half 
the Space G H will be no more than 27 Inches and 
2 half: Now in this State the Air in F C is preſ$'d 
by the Weight of the Atmoſphere, ſuppoſed to be 
equal to the Weight of 28 Inches of Alercury, be- 
fides the 28 Inches in the Space G H; and conſe- 
quently it is preſs d by a Weight double to that by 
which the Air is preſs d that is in the Place where 
the Experiment is made, and which is of the ſame 
Tenour that the Air in E C was, before it was con- 
dens'd by the Weight of the Mercury G H. You 
ſee then plainly by this Experiment, that the Air in 
EC is condens'd in Proportion to the Weight by 
which it was preſs d; you will find the fame Pro- 
portion in the other Experiments, by making the 
Calculation after this manner: For your Firſt Term, 
you mult take the Sum of the Weight of the At- 
moſphere, and of the Mercury that roſe above the 
loweſt Level of the Air in the Leg D A: For the 
Second Term, the * the Atmoſphere, that 
is to ay, 28 Inches of Mercury : For the Third, 
the Diltance E C; and the Fourth Proportional, 
will be the Space or Height to which the Air en- 
clos d in the Tube E C. will be reduc'd. As if the 
Air were reduc d only to the Space I C-of 8 Inches, 
the Mercury in the other Tube would be only 14 
Inches higher than the Horizontal Line IL. Now 
theſe 14 Inches added to 28, the Weight of 
the Atmoſphere, make 42; you muſt ſay then 
according to this Rule, As 42 Inches to 28: 50 is 
the Extent of the Air E C to the Space I C. And if 
you would reduce this ſame Air to M C, a Space 
of 3 Inches, which is; of E C, you muſt put 84 
Inches of Mercury into the Tube D A above the 
Horizontal Line M N ; and this Proportion * , 
? X | oun 
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ity N Ofeulation : As MC, or 3 
c 


ere to $4; for if you convert the 
Telus, Mach be GY 28 9 to 3, and by Compo- 
oy” 28. 18 0 fa: 112 will be to = 
ant rok fat as EC or 12 isto-3; and if 
= eng know whit Height the Tube muſt be of 
apes 1 to O C, or the Space of one Inch, 
you ne ay, ASOC r Inch, is to OE II Inches; 
18 28 die Weigh t of the Atmoſphere to 308; and 
308 1 be the Sel Height which muſt be 5 
to the Mercury above the Height O or P; when 
you may conclude, that to make this Experiment, 
the Tube D A muſt aboye 308 Inches high, that 
is to fy, it muſt about 320, that there may remain 
2 _ 7 == above the Mercury, to hinder it from 
rynnihg; over 
The fame thing will whether theLes E C 
etl den 85 . happen, than the Leg Az 
forif you, e ercury till it riſes in CE up to the 
Heig fe 6 the Hoigh t of the Mercary in the 
oth} mo be 28 lens (Hg. 41.) 5 the 
Meret 0 makes an Equilibrium with th eMercury 
ha Tg 11 be a mich 5 A War of 1 15 — 
F rov'd reſpeCt to Water; ſo the 
nba 550 ve. ; FC Mt make an Eguilibrium with 
ary G 1 becaufs it would ſuſtain it, if G H 
= 5 Ve Line Bare as F C; and conſequent y it 
has the fame Effect as if the Leg EC were as Tong AS 
OE and the 1 5 contain d in it were as 
igh as H. I made wing Experiments con- 
cerning it. inis po d d 2 into the Tube till 
it aroſe up to L . was ane Third of the Space EC, 
1 found' it to riſe 13 Inches ! above I L in the other 
Leg; and when I had fill d till the Mercury came up 
to EF, half the Spacę of 7 ic to be 9 


Gr or“ I Fnckes ; ſo is 28 the Weight 
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and : above GF, and having fill'd it to 44 Inches 
and; above NM, MC was found to conſiſt of 
2 Parts; and à little more of the whole Space E C, 
divided into 10 of thoſe Parts, which ſtill makes 
the ſame Proportion ; for the Barometers were then 
at 27 Inches 3: For the ſame Reaſons, if the Leg 
E C were much narrower than the other, the Air 
enclos'd in it would by its Spring make the-ſame 
 Equilibriums with the Mercury in the other Leg. 
You will ſee the ſame Proportions when the Air is 
more zarified than that in the Place where the Ex- 
periment is made; which may be demonſtrated 
ST. io oo on 
Takea Barometer, as A B, (Fig 42.) of what Length 
you pleaſe; for Example, 38 Inches long; make a 
Mark in it at acertain Point, as Z, an Inch above the 
open End B; that this End being dipp'd in the 
Mercury of the little Veſſel CD E up to the Mark, 
there may remain 37 Inches above it. Fill the Tube 
with Mercury, and leave in it 9 Inches of Air, that 
when the Tube is inverted, as.you ſee in the Figure, 
and ſuſtain d with your Finger, there may be 9 
Inches of Air at the Top of the Tube ; then if you 
dip your Finger, together with the End of. the Tube, 
into the little Veſſel of Mercury, and afterwards 
take off your Finger, the Mercury will deſcend, and 
after ſome Vibrations, reſt when the Air is extended to 
21 Inches; which it muſt do, to preſerve the Propor- 
tion betwixt the Weights and the Condenſations, be- 
tore explain d: Which may be thus prov d. 


The DEMONSTRATION. 
Let the Tube A B (Fig. 42) be 38 Inches, and 
Z B Inch; A H, the Air enclos'd above the Mer- 
ary H B, (ſuſtaind by the Finger at B) of what 


Een you pleaſe, I ſay, firſt, if you take away 
| your 
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your Finger, the Mercury will deſcend ; foraſmuch 
as the Air A H is condens d equally with that inthe 
Place where the Experiment is made, it ought by 
its Spring to make an Equilibrium with the Weight 
of the whole Atmoſphere, as has beenalready prov d; 
and being added to the Weight of the Mercury in 
the Space Z H, theſe two Powers together will oyer- 
balance the Weight of the Atmoſphere; and rhe Air 
A H muſt neceſſarily expand it ſelf, and part of the 
Mercury fall down, but it will not fall entirely ; 
for if it did, the Air A H would be too much di- 
lated, and in that State could no longer make an 
Eguilibrium with the Weight of the Atmoſphere; 
whence it follows, that ſome Part of the Mercury 
muſt remain in the Tube. I fay, Secondly, That if | 
A H be 9 Inches, it will expand it ſelf, and puſh | 
back the Mercury; fo that it will remain at the 
Height of 16 Inches above the upper Surface of 
the Mercury F Z. G; let Z L be the Meaſure of 
this Elevation. Now then there will be an Equilz- 
brium betwixt the Weight of the whole Column of 
the Air of the Atmoſphere, and the Spring of the 
expanded Air A L, join'd to the Weight > = DH 
Inches of Mercury Z L; and becauſe the Comple- 
ment of 16'to 28, is 12, the expanded Air A L by 
its Spring will make an Equilibrium with the Weight 
of 12 Inches of Mercury; which added to 16 Inches, 
are equal to the Weighr of the Atmoſphere. But as 
28 is to 12, ſo is A L or 21 Inches to 9 ; whence it 
follows, that the Mercury ought to reſt 16 Inches above 
the Mark Z,, when 9 Inches of Air are left in the 
Tube above the Mercury; becauſe the Air is con- 
dens d in Proportion to the Weight by which it is 
preſs'd. But if the Mercury in another Experi- 
ment ſhould be at the Height of 21 Inches, you 
may judge according to the ſame Rule, that ſince 

H 3 theſe 


102 | A Treatiſe of Y 


theſe 21 Inches of Mercury make an Equilibrizn 
with 4.of the Weight of the Atmoſphere; the re- 
, maining fourth Part equivalent to 7 Inches, will be 
ſuſtain d by the Spring of the rarified Air enclos d 
in the Tube, according to the Diſtincion of the 
Euilibrium of Springs. Now 28 Inches of Mer. 
cum, the entire — & the Atmoſphere, is to 
Inches, as 16 Inches of expanded Air is 10 4 Inches 
of common Air; whence you conclude, that 4 
Inches of Air muſt be left in the Tube above the 
Mercury, that the Marcury may be At the Height 
of 21 Inches, and the Air expand it Elf to 16. 
But if you would reduce the Merrury in thè ſame 
Tube to 14 Inches, hich is half the Weight of 
the Atmoſphere) above the Mark Z, you muſt bon 
ider that there, will remam 23 Inches up 20A, and 
that the Ar expanded to the Space of 25 Inches ought 
by its Spring to make an Equilibrium, with the remain- 
ing Half of the Weight. of the Atmoſphere Yoo 
muſt ſay then, That as 28 is to 14, the Complement of 
14 40,28, {is 23 the expanded Air that filbd the 
Tube abqve4he 14 Inches:to-11 f, which ſhews that 
11 Inches and a half of Air muſt be left above the 
Mercury ein à Tube of 38 Inches fot the Experi- 
ment / and it plainly appears, that the Spring of the 
endoyd. Air then making an Equilibrium only with 
half the Weight of the Atmoſpliere, ſince the 14 
Inches of. HHercury make an Equilibrium with the 
other half, the Air is Tat ied in a double Proportion; 
and by all theſe Experiments, you may judge (ma- 
king uſt of the Rule before explain d) what Quan- 
tity of Air muſt be left ina Tube, great ot ſmall, to 
make the Mercury teſt at ſuch à Height as you 
pleaſe; For tho the Tube were only 6 Inches above 
_ the Mark Z, you will find the ſame Proportions, by 
calculating after the fame manner. Asfor Example; 
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If 2 Inches be the given Height of the Mercury, 
and you have found that as 28 is to 26, the Com- 
plement of 2 to 28, ſo is 4 the Space of the ex- 
panded Air above the two Inches of Mercury to 3 
; 3 Inches] will be the Quantity of Air that muſt 
be left in the Tube, that the Mercury may reſt at 
two Inches Height, in a Tube of 7 Inches immers d 
an Inch in a Veſſel of Mercury. 

If the Quantity of the enclos d Air in the Tube 


be given, and you would know at what Height the 


Mercury will temain after the Experiment, you 
muſt make uſe of an Algebraic Calculation, apply- 
ing thereto the ſame Rules, as I have taught in my 
Eflay upon Logick, and my Treatiſe upon the Na- 
ture of - ... 5 

Lou will find the ſame Equi/ibrium from the 
Spting of the Air in Tubes full of Water and Air, 
ſuppoſing that the greateſt Weight of the Atmoſ- 
phere is equal to 31 Foot of Water, which is found 
true by Experience; for the common Barometer be- 
ing at 27 Inches 8 Lines, the Water- Barometer was 
at 31 Foot 1 Inch; and when the former was at 
28 Inches, this latter was at 31 Foot 4 Inches; 
and if the other had been at 28 Inches 7 Lines, as it 
is ſometimes, the Water would have been at 32 
Foot. If the Tube be 40 Foot long, and you would 
reduce the Water to 16 Foot, you muſt put 12 
Foot of Air above the Water; for the Air expand- 
ing it ſelf to twice the Space, and taking up 24 
Foot, it will make an Eguilibrium by its Spring 
with half the Weight of the Atmoſphere; and the 
16 Foot of Water that remain, will make an Equz- 
librium with the other half. We ſuppoſe that a 
ſmall Part of the Tube being immers d in the Wa- 


ter, to make the Experiment the ſame as that of 
* 1 
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the Mercury, there will remain 40 Foot aboye the 
immers'd Part. 

Hence you ſee plainly, that if you immerge an 
inverted Bottle full of Air, into a very deep Water, 
hanging a Weight about its Neck ſufficient to fink 
it to the Bottom, whilſt it gradually deſcends, the 
Water will ger into it, ard riſe by degrees into the 
Neck; and when it is ſunk to a Depth of 32 Foot, 
the Water that is got into it will reduce the Air to 
half the Extent that it had in the Bottle before its 
Immerſion ; which I have explain d more at large in 
my Eſſay upon the Nature of Air. 

You ſee farther the Error of thoſe that imagine, 
that Water may be made to riſe 32 Foot in a Pump, 
by drawing it with a Piſton above it, fince ac- 
; cording to the Stroke of the Piſton, you can only 
raiſe it to a certain determinate Height. For Exam- 

ple; Let there be a ſmooth Pump-Barrel of 20 Foot, 
having above the 20 Foot a Piſton of the ſame 
bigneſs, which can neither riſe nor fall above the 
Space of a Foot ; I fay, that if there be a Valve or 
Clack at the Bottom of the Pump, and you play 
the Piſton, the Water can't riſe 12 Foot, For let 
it riſe 11 Foot, if it be poſſible, or pour Water 
upon the Clack to the Height of 11 Foot, and refit 
the Piſton, there will remain 9 Foot of Air up to 
the Piſton ; and this Air, which will be rarified by 
raiſing the Piſton a Foot, can only be rarified accord- 
ing to the Proportion of 9 to 193 and becauſe 21, 
the Complement of 11 Foot to 32, which is the 
Weight of the Atmoſphere, is to 32 as 9 to 13 5, 
to ſuſtain the Water at 11 Foot, the Pifton muſt | 
raiſed 4 Foot 5 to make the Equilibrium betwixt the 
Weight of the Atmoſphere, and the diminiſh'd 
Spring of the Air enclos'd, Join'd to the Weight of 
11 Foot of Water, as was velbte explain d; whence 
it 
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it follows, that if the Piſton be raiſed only a Foot, 
the Clack will not open at all, nor the Water rife 
aboye 11 Foot. | 
To give Rules for the rifing of Water in Pumps, 
make uſe of an Algebraic Calculation in this Man- 
ner. We will call A the Height to which the Wa- 
ter ought to riſe in the Barrel of the Pump from 
the Stroke of the Piſton, abſtrating from the 
Weight of the Clack. Let the Barrel be 12 Foot 
above the Surface of the Water that you would raiſe ; 
and ſuppoſe that you have a Mind to raiſe it to this 
Height of 12 Foot by one Stroke of the Piſton, 
you muſt make this Analogy : As 20, the Comple- 
ment of 12 Foot to 32, is to 32; ſo is 12 Foot of 
common Air to a 4th Proportional z this 4th Pro- 
portional will be 19 5, which ſhews that the Barrel 
of the Pump muſt be pretty long to raiſe the Piſton 
19 Foot; above the 12 Foot, in order to raiſe the 
Water 12 Foot by only one Stroke of the Piſton ; 
but if the Play or Stroke of the Piſton were limited to 
2 Foot, you muſt ſay; As 32 —A is to 32, ſo is 12 — 
A to 14 — A. The firſt Term is the Complement of 
the unknown Height to which the Water will riſe, to 
32 Foot of Water; which is the Weight of the At- 
moſphere : The third Term is the 12 Foot minus that 
Height,and the fourth is the 2 Foot that thePiſtonriſes, 
join d to 12 Foot minus the fame Height. Now 
the Product of 14 — A, by 32 — A, is 448 
— 46 A+ AA, and the Product of the two 
middle Terms is 384 — 32 A; the Equation be- 
ing reduc'd, there will be an Equality betwixt A A 
and 14 A— 64; and becauſe 64 cannot be taken 
from 49 the Square of 7, which is half the Roots, 
tis a ſign that in continuing to pump, at ſeveral 
times you may raiſe the Water up to the Piſton ; 
and to know how far it will riſe the firſt Stroke, 
P you 
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you muſt ſuppoſe, that the Piſton is tiſen 2 Foot; 
there will then be an uniform Barrel of 14 Foot; 
and according to the Rules laid down in my Eflay 
upon Logick, and my Treatiſe of the Nature of 
Air, make this Calculation. The enclos d Air was 
12 Foot; 12 Foot -A is to A, as 32 to 2 
A ; the Equation being reduc'd, you will find that 
A A will be equal to 24 — 42 A; and) at laſt; 
that the Value of the Root will be à little leſs than 
35 which being taken from 2, there will remain 
15 and a little more; and condequently the Water 
will by the firſt Stroke of the Piſton riſe but one 
Foot and a little more. 
I you had ſuppos d the Play of the Piſton to be 
one Foot, you might know by the ſame Calculation 
how high the Water would riſe by the firſt Stroke 
of the Piſton ; and if you would know to What 
Height it may riſe after. ſeveral Strokes, you muſt 
By, As 32 —A is to 32, fo 12 —Ais to 13 
— A; the Equation being reduc d, you. will find 
13 A— 32 equal to A A. The Square of 6 5 the Half 
of the Roots is 42 3; from which ſubſtracting 32, 
there remains 104; the Root of which is 3 4 a little 
lefs : Take that from 6 5, and there remains 3 and 3; 
add that to 6 2, and it will make 9 ; and theſe Num- 
bers 3 :7 and 42 will be the two Roots; which ſhews 
that the Water can never riſe when the Barrel is empty, 
above 3 Foot z and a little more, tho you play the 
Piſton as long as you pleaſe; but if you had filbd 
the Barrel 9 Foot , you might make the Water 
riſe 12 Foot compleat by ſeveral Strokes of the 
Naen. 74 5 T i 
Leer us ſuppoſe now that the Barrel is 14 Foot up 
to the Piſton, and that the Stroke of the Piſton is 2 
Foot; 32 — A will be to 32, as 14 — A to 
16 — A. To find the Equation eaſily, you 
400 my 
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muſt multiply 32 by 2, the Difference of 14 and 
16: The Product is 64 for the abſolute Number, 
and that of 16 A wilb be the Number of the Roots, 
and A A will be equal to 16 A — 64; the Square 
of hilf the Roots is 64, from whence ſubſtracting 
6a, there remains o, whoſe Root is o, which being 
taken from and added to 8, ſtill makes 8; which 
ſnews that thetecis but one Root, and that the Wa- 
ter can t riſe above 8 Foot; but if you make the 
Piſton play ever ſo little higher than two Foot, the 
Water will tiſe 14 Foot. The Analogy is eaſy; for 
the Piſton being Tais d 2 Foot, the Barrel will be 16 
Foot, and that Water being at 8 Foot, there will re- 
mam 8 Foot of Air; but 32 1s to 24 the Comple- 
ment of 8 Foot to 32, as 8 Foot! of rarified Air to 


6 For f common Air; then the Water will riſe ti6 


higher than h i the Piſton plays but 2 
Fo? 1007 il % 903 t H eee 0 
hence you ſee; that to draw up Water & a confi. 


derable Height, a5 20Fbor, the Breadthof the Pump 


Bartet muſt be diminiſttd, and a ſufficient Space 
muſt be allow d for the Stroke of the Piſton ; for, 
ſuppoſing chat the Surface of the Piſton be 4 times 
broader” than the Baſe of the Barrel, che riſing of 
the Piſton 1 Foot will have the ſame Effect as if it 
roſe 4, if the Diameter of the Piſton were only 
equal to that of the Batrel; if then the Stroke be 2 
Foot and a half, it will be the ſame as if it roſe 6 
Foot, and were of the ſame Breadth: Now the 4 
Terms of © Equation being 32 — A; 32, 20 
— A, 26 — A, there will be 6. times 32, 
vis. 192 for one Term of the Equation, and 26 
for the other, according to what has been ſaid; 
there will be then A A equal to 26 A — 1923 
the Square of half the Roots is 169 leſs — 
n 2 
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and — if you pump a: long Time, yon 
may raiſe the Water 20 Foot. 4 her r 
If in the Example above mention d, you take 8 
Foot for the higheſt Term of the Water, when the 
Barrel is 14 Foot, and the , Stroke of the Piſton 2 
Foot, tis eaſy to prove, that if you ſuppoſe: g 
Foot of Water upon the Clack, it will continue do 
riſe by the play ing of the Piſton 2 Foot; for-thers 
will remain 5 Foot of Air. Now there is a leſs 
Proportion betwixt 3 and 7, than there is'betwit 
27, the Complement of 5 to 32, and 32, and c 
ſequently the Water will riſe higher than 9 Foot. 
The Proportion will ſtill be: more unequal; if vou 
take 10 or 11 Foots and if you rake 7 inſtead of g 
Foot, the Water will | ſtill; riſg, for; there will fe: 
main) Foot of Hir ; now! 25, the Complement of 
7 to 32, is to 32 48 7 to 8 then if the Piſton 
goes 2 Foot, it will raiſe the Water higher than)! 
Foot ; it will riſecſtill more eaſily, if you pour in 
only 6 Foot of Water; for there will be 8 Foot: of 
Air. Nom tha Complement 26 is to 32 48 8.103 
2: - then if inſtead of 9 5} which makes the Equili: 
brfum, the Fiſtan goes 10 Foot. it will makeq the 
Water riſe ſtill better than when it was at 7 Foot; 
and better ſtill when it is at 5 Foot, &. If you 
would know what Play the Piſton muſt haye to raiſe 
the Water 30 Foot, you muſt-take'a Number a little 
greater than the half of 20, as 16, at which Point 

etty near the Water will riſe with | the greateſt 
Pifteulg ; the Complement is 16, the Remainder 


of -Air is 14 5 48 16 is to 32, :10 is 14 to 28. The 
Piſton then muſt tiſe 14 Foot; or if the Barrel be 
2 Inches Diameter, the Piſton muſt be 7 Inches 2; 
for the Square of 7; is 56 4, which is a little more 
than 14 times 4 the Square of 2 Inches; and then it 
will be ſufficient that ihe Stroke of the Piſton be 

one 
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one Foot; but as it is {till more difficult at an Ele- 
vation of 18 Foot, the Piſton muſt be 8 Inches Diame- 
ter to raiſe the Water above 18 Foot, when its Stroke 
is but one Foot. By the ſame Force of the Air's 
Spring may be eaſily explain d the following Experi- 
ment, which is pretty curious. . 


Oo 


Take a Tube about 12 or 15 Lines in Diameter. 


dos d at the Bottom as A G (vid. Fig, 43.) but ſome- 
thing narrower towards A, that you may ſtop it 
exactly with your Thumb; fill it with Water, and 
put therein a ſmall Figure of Glaſs or hollow Cop- 

that has a ſmall Pin-hole in it, as at D, fo that 
dir nd Water may get into it; and let its Gravity 
with reſpeQ to Water be ſo well proportion d, that 
if you add a little Weight to it, it will fink to the 
Bottom, and if you take it away, it will ſwim in 
the Tube like Wax. Apply your Thumb to the 
open End A, and preſs it ſtrongly, the little Figure 
will deſcend as far as B, or lower; nay, even to the 
Bottom; take away your Thumb, and it will rife 
again 3 and if, after it has riſen as far as E or C, 
you put your Thumb on again, it will again begin 
to deſcend. The Cauſe of theſe Effects is this; 
When you preſs the Water with your Thumb, you 
preſs likewiſe the Air that is in the Figure, and 
condenſe it, tho” you do not condenſe the Water; 
and conſequently you force ſome Water into the 
Figure at the little Hole at D, which makes its Spe- 
ciſc Gravity then greater than that of the Water, 
and therefore it deſcends; but when you take oft 
your Thumb, the enclos'd Air puſhes out the Water 
thro this ſame Hole by virtue of its Spring that is 
ſet at Liberty; and being expanded as before, (the 
Figure with the Water and the enclos' d Air regain- 


ing their former Diſpoſition) it reaſcends. But if 


you take off your Thumb ſuddenly, a little Air will 
ruſh out with the Water, and both of them by their 
Impulſe 
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Impulſe againſt the Water in the Tube, will make 
the Figure whitl. about. It ſometimes happens, 
that too much Air gets out of the Figure, and 
when it is, got to the Bottom, it can't riſe again 
tho you do take off your Thumb; in this Caf 
you muſt fink your Thumb pretty far in the Tube, 
and draw it hack, i ſo that-it may fill the Moufh of 
the Tube exactly, that the external Air may not 
t in in the Place of your Thumb; the Air in ibe 
igure being then leſs preſs d, will expand it ſelf 
more than it commonly does, and force out more 
of the Water that was in the little Figure; which 
will make it lighter and raife it up, provided you 
keep your Thumb ſtill in the Tube, and do not 
withdraw it entirely. Sometimes the Weight of 
the Figure and of the Air enclos' d in it, is ſo well 
roportion d to the Specific Gravity of the Water, 
t by putting your Thumb upon A, the Figure 
will deſcend as to F, and taking away your Thumb 
again, the Figure will reaſcend; but if you let it 
ſink as far as B, and then take away your Thumb, 
It: will contindę to fink, becauſe the Weight of the 
Water AC; does not preſs enough upon the Air in 
the little Image, to force into it a Quantity of Watet 
. to make it of a Specific Gravity equal to 
that of Water; and the Preſſure of the Water AB 
upon the Air is ſufficient for this Effect; which 
cauſes it to fink to the Bottom, where the Weight 
of the Water being ſtill greater, the Air in the little 
Figure is more condens d, and more Water is forc'd 
into it; whence proceeds its riſing ' again with 
greater Difficulty. Hence you ſte. the Ertor of thoſe 
who imagine that Water and Air don't weigh-upon 
Bodies below them; and they judge ſo, becauſe 
we are not ſenſible of the Weight of the Air. But 
it ought to be conſider d, that our Bodies are natu- 
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rally Ae to bear this Preſſure of the Air, ſuch 
48 it is here below ; wherefore we ſuffer no Incon- 
venience from it. But if we were carried up to an 
Air twice as much rarified, the Aerial Matter in our 
Blood and other Parts of the Body that are very 
hot, would turn to Air, and make ſuch Bubblings 
as would inflate and ſwell up our Bodies, and prove 
very inconvenient. You fee an Experiment of it, 
by putting a Bird in an Air-Pump ; for when the 
Air is reduc'd to-a Rarefaction twice or thrice 
greater than that which it commonly has near the 
Earth, the Bird dies in a ſhort Time, becauſe its 
Blood being hot, and no longer preſs d by the com- 
mon Spring of the Air, it throws out a great 
Bubbles, juſt as hot Water does, which is for ſome 
time enclos'd in the Air- Pump. But on the contrary, 
if we wete in an Air doubly condens'd, we ſho 
ſuffer very much from it, tho we ſhould ſcarce be 
ſenſible of its Preſſure ; becauſe if on one Side it 
preſs d upon the Breaſt to hinder Reſpiration, on 
the other Side the Spring of the Air, that would 
get into it by Reſpiration, would prevent the Action 
of the external Air ; whence it follows, that thoſe 
that go 7 or 8 Foot under Water, can't feel any ſen- 
ſible Weight, becauſe it preſſes upon them equally 
on all Sides, and the Weight of the Atmoſphere 
being equal to 32 Foot of Water, the Addition of 
theſe 8 Feet augments the Preſſure but about 5, which 
can't be very ſenſible. Some object againſt theſe 
Arguments and Effects of the Spring of the Air, 
that when a Tube open at both Ends is made uſe of 
in the Experiment of the Air enclos'd above the 
Mercury, and any one ſtops the upper End of the 
Tube with his Finger, to prevent the Communica- 
tion of the outward Air with that enclos d, when 
the Experiment is made, it ſeems to him that ſtops 
the 
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the upper End, that his Finger is ſuck d or drawn in 
by the deſcending Mercury, and he even feels ſome 
Pain as if he were pinch'd ; whence they conclude, 
that the expanded Air in the Tube does not att by 
its Spring to ſuſtain a Part of the Atmoſphere, be. 
cauſe it would preſs againſt the Finger, and repell 
it rather than attract it. To clear this Difficulty, 
you muſt conſider, that when a wither'd Apple, or 
ſome ſuch Body, is put into an Air-Pump, after you 
have pump'd out a great Part of the Air, the Body 
ſwells and expands it ſelf ; and if your Finger were 
enclos'd therein by means of a Bladder cut at both 
Ends, or any other way, that Part of your Finger 
would ſwell extremely, and you would feel a great 
deal of Pain; whence it follows, that that Part of the 
Finger which ſtops the upper End of the Barometer- 
Tube, being contiguous to Air that's very much rari- 
fy d, and tlie reſt being preſs'd by the whole Weight of 
the Armoſphere, this ſmall Part muſt ſwell, and make 
a great Convexity towards the Inſide of the Tube, 
which it can't do without Pain ; and rhe more the 
Air is rarify'd in the Tube, the more this Swelling 
and Pain are ſenſible, and the weak Endeavour of 
this rarity'd Air to repell the Finger, will not be 
ſdfficient to hinder it from ſwelling, ſince that Part 
of it that's expos'd to the open Air will be much 
more preſs d. | 

It may ſtill be objected, that when there are 28 
Inches of Mercury ſuſpended in the Tube, if you 
raiſe it with your Hand, without taking it out of 
the ſtagnant Mercury, the Veſſel is charg'd with a 
Weight equal to that of the enclos'd Mercury, 
which it ought not to be, if it made an Equilibrium 
with the Weight of the Atmoſphere. This Dith- 
culty is anſwered, by ſaying, that the ſuperior Air 
which is above the Tube has then no other _—_ 
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make an Equr/ibrizm with it; for that which ought 
to ſuſtain it below the Tube, ſuſtains the Mercury 
which is in the Tube; then you muſt ſuſtain all the 
Weight of the ſuperior Air that weighs 28 Inches 
of Mercury; and if the Tube were only 14 Inches 
long, and the Mercury were up to the Top of it, 
then you would only feel the Weight of 14 Inches 
of — becauſe the Air that preſſes upon the 
ſtagnant Mercury in the Veſſel, would ſuſtain theſe 
14 Inches, and ſtill have a Force towards the Top of 
the Tube internally equal to 14 Inches more; ſo it 
would make an Equilibrium with half the Weight 
— the ſuperior Air, and the Hand would ſuſtain the 
ret. - / 
Flame can likewiſe by its Spring make an Equi- 
hbrium with other Bodies; but as there is no other 
Flame beſides that of Gunpowder tha bear to 
be compreſs'd without being extinguiſſi d, and fince 
this Flame continues but a ſhort Time, it's very 
difficult to make Experiments of its Equilibrium , 
and the Force of its Spring is ſo great, that no 
Weight has hitherto been found great enough to 
overcome it, it being able to overturn not only en- 
tire Baſtions, but even Mountains. 

To underſtand how it acts with ſo great a Force, 
you may ſuppoſe that a certain Quantity of Pow- 
der is ſet on Fire, that fills a pretty large Tube plac'd 
„1 and that a great Weight, whoſe 

readth exactly fills the Mouth of the Tube, preſſing 
upon the Flame of the Powder, contracts it; fo 
that being reduc'd to a very ſmall Space, and not 
extinguiſh'd, it makes an Eguilibrium with the 
Weight; which it may be conceiv'd ro do during 
the Space of a Second, and in this State 'tis the 
Spring of the Flame that makes the Eguilibriun 


with the Weight; ſo * the Weight being in- 


creas d, 
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creas'd; this Flame would be reduc d tot a narrower 
Compals, ſuppoſing it anextinguiſh'd, and its Spring 
being then ſtronger, would ſtill make an Equilibrium 
with this greater Weight. Now if you imagine 
that at the fame Moment an Addition of Powder 
is ſet on Fire, the Spring of the Flame will be in- 
creas d, and the Weight being no longer able to 
make an Equilibrium with it, will be puſh'd up; 
and being once ſer in Motion, the Continuation of 
the Extenſion of the Flame's Spring, which will 
extricate and extend it ſelf further, will accelerate 
its Motion more and more, and at laſt force up the 
Weight very high into the Air. | 27 
» This being ſuppos d, it is eaſy to conceive, that 
if you put 10 or 120co. Weight of Powder in a 
Mine; and that when all the Powder is ſet on Fire, 
it will take up the Space of 200 Foot in Height, 
and 100 in Breadth, it will happen that only a ſmall 
Quantity of it will be lighted at firſt, which will not 
be ſufficient to raiſe up the whole Baſtion ; bur becauſe 
this Flame has the Property- not to be ſmother'd or 
extinguiſh'd by being preſs d, 30 or 40 times more 
will be ſer on Fire than the Chamber of the Mine 
could contain if it were laid open; and then if its 
Spring be ſtrong enough, it will begin to raiſe the 
Earth above it; which being once ſet in Motion, 
and the reſt of the Powder continuing to take Fire, 
and filling the Space which the Earth had quitted 
when it began to riſe ; ſo 'that its Spring is {till 
ſtronger than the Weight of the Earth which is al- 
ready in Motion; it will accelerate its Velocity 
more and more, and at laſt blow up the Baſtion at 
the Top and Sides; or at leaſt Ie Part of it, 
till all the Flame has acquired its natural Extent 


in the open Air. 
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A little Powder has the ſame Effect in Canons; 
for it takes Fire ſucteſſively, tho in 4:5 very; ſniort 
Time, without driving the Bullet forwards, till the 
Spring of the Flame compreſs'd overcomes the Re- 
flianer of the Bullet, and when ir has bęgun to 
move, the [reſt of che Poder that ſuddèmy takes 
Fire, increaſes its Spring, and accelerates the Velo- 
city of the Bullet, ſo as to drive it; out V or 1600 
vards. LW. e rer 1 

Whence you ſee .that a. Canon of 20 Foot muſt 
carry a Bullet further than one of 10 Foot, becauſe 
the Powder has more Time xo take Firę and. ig- 
— its Spring whilſt the Bullet paſſes h 

ces Iii * f in tf 30 0 - 
You ſee likewiſe, tflat if one Drachm of Powder 
when. it has taken Fire, has Force enough to ſtir 'a 
Bullet that is not cloſely fix d to. the Canon, it will 
not be driven ſo far as if it were well ramm'd'and 
preſs'd down'' with Cork, or Tome other Materials 
that may tinder it ftöm being put in Motion tiff 
2 of 3 ( ances of Powder have taken Fire ; for in 
this liter Cafe, its Motion | at the Beginning will 

be faſter 00d rs Abcelerarch greater. 

For the ſame Reaſon, if the Powder be very fine, 
and eafily takes Fire, it will drive the Bullet farther 
than if It were courſe and large, becauſe more of 
it will be fir d whilft the Bullet is in the Cannon.” 
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Of the Equilibrium of Fluids by their 
ene. 


T7 LAME can make an Eguilibrium with Weights 
| by its Impulſe ; you may meaſure its Force, 
it you let it out at at a pretty large Tube, and 
make it ſtrike againſt the Floats of a Wheel hori- 
zontally fituated, provided the Floats are in an 
oblique Poſition, Juſt as the Sails of a Windmill 
are. The Flame that goes up Chimneys: is made 
uſe of in ſeveral Places to turn ſome ſmall Engines 
near the Fire, and the greater the Fire is, the ſwifter 
is the Motion of the Flame; but this Motion can- 
not be much increas d by Art, and its Impulſe has 
no you Force.. A Rocket riſes by the Impulſe of 
the Flame againſt the Air, but if it be too heavy 
it can't riſe ; thus its Eqwui/ibrium may be meaſured. 
The Flame of Thunder, that moves with great Ve- 
locity, has a very conſiderable Force; for it over- 
turns Towers and Rocks; the Velocity of the Flame 
likewile increaſes its Force in burning, as may be 
obſerv'd in great Fires when the Wind is very high. 
You may fee likewiſe very ſenfible Effects of it, 
when the Enamellers blow the Fire of their Lamps 
againſt Glaſs or Metals, in order to melt them ; 
bur becauſe Flame is not eafily govern'd, or made 
to continue of the ſame Velocity or Bulk, and it 
wo 
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would coſt too much to maintain it ſo as to produce 
any extraordinary Effects, it is very rarely made uſe 
of to work Engines; wherefore it is not neceſſary 
here to examine its Force, or compare it with that 
of other Fluids. | 

Air and Water are employ'd to move Engines by 
their Impulſe. Their Equilibrium with each other, 
and with ſolid Bodies that they ſtrike againſt, may 
be found by the following Rules. —_ 


RULE L 


Jet-d'eau's, or Spouts of Fountains, de not impell 
with the united Force of all their Parts, as ſolid 
Bodies do. | 


The EXPLANATION. 


(Vid. Fig. 44.) AB is a Jet- d eau iſſuing from the 
Cylinder C D, and E F is a Cylinder of Wood; 
whoſe Parts being join'd and united together, tis 
evident that when the Extremity F of this Cylinder 
ſtrikes againſt a Body, ir impells it with the united 
Force of all its Parts: But a Fer-d'eau, as AB, be- 
ing carried according to the Direction A d B, can 
only act by thoſe Parts that go firſt; for Water be- 
ing a Fluid, and compoſed, as it were, of an 'infi- 
nite Number of Corpuſcula, or little Bodies, that 
flide one upon another, as ſmall Grains of Sand 
would do; only the firſt towards B, can make the 
firſt Effort upon Bodies that they meet, and they 
either reflect, or fall off before the other Parts at d 
can impell in their Turn. For the better underſtand- 
ing of this, you muſt conſider, that the Velocity 
ot Water going out at a ſmall Hole, made at 
the Bottom of a very large Tube, is very 8 
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from the Velocity of that that iſſues out from a 
Tube whoſe Diameter is equal throughout ; for in 
this latter Caſe, it begins to go out very lowly, Juſt 
as a Cylinder of Ice would, that you ſhould let fall. 
Let AB, (Fig. 45.) a Tube of equal Breadth'through- 
out. be fill'd wich Water, and ſuſtain'd with the Finger 
at B As. evident that the Velocity of the Water 
when it goes out at B, is equal to that at A, and 
that the whole Cylinder of Water falls all at once, 
as if it were ſolid; and conſequently it is ſubjedt to | 
the ſame Rules in falling, that a Cylinder of Ice of 
the ſame Bulk would be ; namely, that beginning 
by a very ſmall Degree of Velocity, it increaſes it 
in its, Defeent, according to the uneven Numbers 
1, 3, 5, 7, Cc. that is to fay, if in one Quarter 
of a Second it falls a Foot, the Second Quarter it 
will fall 2 ;Feor, in the. Third 5, £74. whence it 
follows, that the Water which was at A, being got 
to R. will go out much faſter than that which goes 
K 8 
. : Gelaleo has ſpoken pretty largely of the Accele- 
ration of the Velocity of Bodies that fall freely in the 
open Air; which I conceive to be thus: H a very 
light Body ſtrikes againſt another 100 times heavier 
tham it ſelf, it will give it the hundredth Part of its 
Velocity, and ſtriking it a Second Time, it will 
give ũt another hundredth Part; fo that if the im- 
pelling Body has 101 Degrees of Velocity, the im- 
pell d Body will take one Degree at the firſt Impulſe, 
_ and its Quantity of Motion will be 100; and being 
impelled a Second Time by the light Body with 
the ſame Velocity of 101 Degrees, it will receive 
from it a new Degree of Velocity; which, joined 
to the Firſt; will make two Degrees : The Third 


Impulſe will ftill-add a Degree, and fo on, as was 
pror d in the Treatiſe of the Impulſe of Bodies. 
[C4717 3 | 


The 
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The ſame thing will happen, if a weak Power 
draws a very heavy Body to it, by acting upon it 
ſucceſſively. Now whether a Body be attracted or 
impell d by a very light Fluid, if at the firſt Mo- 
ment of its Effort, it moves a Line by an uniform 
Velocity; at the ſecond Impulſe and the ſecond Mo- 
ment it ought to move two, and at the third Mo- 
ment three, Oc. „ | 
Now if you take ſeveral Numbers one after ano- 
ther, beginning with a Unit, as 1, 2, 3, 4, Cc. to 
20, and count 20 Moments, the Sum of this Pro- 
greſſion will be 210; and if you count 40 Moments, 
according to the ſame Progreſſion to 40, the Sum of 
theſe latter Numbers will be 820, which is near the 
Quadruple of 210, the Sum of the 20 firſt Num- 
bers; but if you proceed thus in Infinitum, this laſt 
Sum will be the Quadruple of the firſt preciſely, be- 
cauſe the Proportion of the Defect continually de- 
creaſes ; which Galileo has alſo prov'd in his Trea- 
tiſe of the Acceleration of the Motion of falling 
Bodies. But if the Motion be made thro' a very 
heavy Fluid; the Acceleration will ſoon be ſtopp'd, 
and the falling Body reduc'd to an uniform Velocity; 
as likewiſe a very light Body that falls in the o 
Air, as has been prov'd in the Treatiſe of fer. 
cuſſion. One may judge further of the ſlow Mo- 
tion of the firſt Drops of Water iſſuing from a 
Tube of an uniform Breadth, by the following Ex- 
periment. Take a bended Tube 2 or 3 Foot lon 
of equal Bread th throughout, as C DG (vid. Fig. 465 
pour in Water at C till it runs out at G, then ſtop 
the End G, and pour on till you fill the Tube up to 
C; after this, ſtop the End C with another Finger, 
and open the End G, if the Tube be only 3 or 4 
Lines in Diameter, the Water will not run out at all; 
take off the Finger _ ſftoppd the End C, and 
& - put 


120 A Treatiſe of 


put it on again very ſuddenly, the Water will ſpout 
out at G only 4 or 5 Lines high ; whereas if the 
Tube C D be much wider than the Hole G; 
for Example, if it be 9 Lines in Diameter, and the 
End only 2 or 3 Lines, and you = and ſhut the 
_ Aperture at G with the ſame Haſte, the Drops 
of Water that go out at G will ſpout up almoſt 
as high as C. You may ſtill further perceive the 
Slowneſs of the Water's Motion at its firſt going 
out of the Tube, as A B in Hęure 45, and its Ac- 
celeration, if you fill this Tube with Water, and 
ſuſtain it with your Finger, ſuſtaining likewiſe a 
little Stone with another Finger of the ſame Hand; 
for, taking away your Hand ſuddenly, you will ſee 
the Stone and the loweſt Part of the Water deſcend 
with the ſame Velocity for 12 or 15 Foot. 

Another very curious Experiment for the Proof 
of this Rule, is made after the following Manner. 

Take a Tube 8 or 10 Foot long, as M N, re- 
preſented by Figure 49, as ſmooth and even 
within as it can be made; fill it with Water, which 
you muſt ſuſtain with your Finger, and then of 
a ſudden let it run out upon the End of the 
Rule QR, near the Point R ; which Rule ſerving 
for a Balance, ought to be Horizontal, and ſupport- 
ed at the other End by à Prop, as O U; and the 
Point R ought to be only 5 or 6 Lines diſtant from 
the Baſe of the Tube thro' which the Water paſſes 
that is to ſay, a Line more than the Thickneſs 0 
the Finger that ſuſtains the Water; then if at 
the other End Q, you fix a Weight Q or; lels 
than the whole Weight of the Water in the Cylin- 


der, this Weight will not riſe at the Beginning of 


the Water's Fall, tho' the whole Body of Water 
ſeems to weigh upon R, but only when the Tube 15 
almolt empty; which ſhews, that only. the rn 
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of the Water make the Impreſſion, and that when 
they go out very ſlowly, as they do at the Begin- 
ning of their Fall, they can only raiſe a Weight 
much leſs than the Weight of the whole Cylinder; 
but that when they have acquired a great Velocity in 
falling from the Height M, the remaining Parts, by 
their great Impulſe, raiſe what the firſt could not rai 

by their weak Impulſe at the Beginning of their Fall. 
And if you raiſe the ſame Tube 2 or 3 Foot above 
R, and leave only an Inch of Water at the Bottom 
of it (if the Tube be 7 or 8 Lines in Diameter) it 


will have leſs Force in falling upon R, to raiſe a 


Weight at Q, than a little Ball of Wax, or Wood 
lighter by half than the Water, falling from the 
fame Height; which ſhews, that the Ball makes its 
Impreſſion by all its Parts, and the Inch of Water 
only by thoſe that are neareſt to the firſt Surface that 
impells the Balance, and which are help'd a little by 
the more diſtant Parts that fall on each Side. For 
tho' Water does not impell by all its Parts, and it 
be difficult to determine the preciſe Height of the 
Water from which the Parts immediately impelling 
ought to he eſtimated ; yet tis very probable that 
the Parts that fall firſt act the moſt, and that thoſe 
that are a little higher, as 2 or 3 Lines, act a little leſs; 
and that ſome ſmall Impuſe may reach even 5 or 6 


Lines; as would happen if 5 or 6 little Grains of 


Sand were contiguous to one another (vid. Fig. 47.) 
25 A EF D B falling upon the Rule G H, from a de- 
terminate Height, not bęing all in the ſame perpen- 
dicular Line, the two Gmins D and B would ſtill 
contribute a little to the Impulſe of the firſt, tho 
they would not act with their whole Weight, and 
all their Velocity, not being in the ſame Line of Di- 
reftion ; the higheſt Grains A E F contribute like- 
Wiſe a little, and cauſe the Rule to be impell'd 

7 = - more 
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more ſtrongly, than if only the Grains B and D 


were there. | „holte 

.. Now Water being compos d of an infinite Num. 
ber of Corpuſcula, or little Bodies, contiguous to 
ane. another, much leſs than the ſmalleſt Grains of 
Sand, that eaſily roll and flide one againſt another, 
4 little Cylinder of Water, as G H, will have an 
Impulſe: ſomething ſtronger than a leſſer one, as 
LH; becauſe there are more of theſe Copα¹ſcula in 
a direct Situation one upon another in the Height of 


GH, than in the leſſer L H. 
Fe RULE I. 


Water that ſpouts out at 4 round Hole from the. 
Bottom of a Reſervatory, makes an Equilibrium by 
us Impulſe with a Weight equal to the Weight of 2 
Cylinder of Water, whoſe Baſe is that Hole, and 
whoſe Height is from the Cemer of the Hole to the 
upper Surface of the Water. f 
This Propoſition, together with the Force of the 
Air's Impulſe, is thus demonſtrated. A B CD is 
2 hollow Cylinder, whoſe rwo Baſes A D, B C, 
are of Wood, and the reſt of Leather (vid. Fig. 48.) 
ſuſtain'd and extended by ſeveral Hoops of Wood 
or Wire. as FE, HI, LM, in ſuch manner that the 
Baſe A D may he brought down very near the Baſe 
B C, which is ſuppoſed immoveable. N is an Aper- 
ture or Hole made in the Baſe B C, thro which the 
Air enclos d in the Cylinder may go out: ThisCylin- 
der is loaded with a WeiggtP, plac'd on the Surface 
AD; and to the Bottom of the Cylinder, you ap- 
ply a Balance like that in the 49th Figure; fo 
that the Rule QR being in an Horizontal Poſition, 
the Point R near its End, muſt be very near the 
Aperture N, and directly under the Center * * 
15 C 
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The Apparatus being thus fix d; I ſay, that if you 
put a Weight, as Q., upon the other End of 
the Balance, whoſe Axis is ſuppoſed. to turn ea - 
fily upon the Points CD; and that the Air which 
the Weight P in its Deſcent forces out. thro' the 
Aperture N, impelling the Extremity of the Balance 
towards R, makes an Eguilibrium with the Weight 
Q, ſuppoſed to be equally diſtant from the Axis 
CD; this Weight will be to the Weight P, in 
the ſame Proportion as the Surface of the Aperture 
N, is to the entire Surface of the Baſe B C: For if by 
means of a Pair of Bellows, whoſe Pipe has a 
Bore equal to the Aperture N, you blow Air 
againſt this Aperture with a Force equal to that of 
the Air which the Weight P drives out, there will 
be an Equilibrium betwixt theſe two Powers, and 
the Weight P will not deſcend, hecauſe no Air will 
go out at the Aperture; and then the Air impell'd 
by the Bellows, filling this Aperture, will ſuſtain 
its Part of the Weight P, as the other Parts of the 
Baſe B C ſuſtain the reſt of this Weight; and that 
Part which the impell'd Air ſuſtains, will be to the 
whole Weight P, in the ſame Proportion as the 
Aperture N is to the entire Breadth of the Baſe 
CD; then reciprocally, the Air iſſuing out at 
this Aperture after the Bellows are remov d, will 
make an Equilibrium by its Impulſe with a Weight 
which is to the 3 P, as the Aperture N is to 
the Baſe B C. And it you ſtop up the Aperture at 
N, and open another of the ſame Breadth, 
near the Baſe A D, as at the Point K, the Air will 
go out at ĩt with the ſame Velocity as thro the Aper- 
ture N, if the Baſe A D be preſs d with the ſame 
Weight P, and will make an Eguilibrium by its Im- 
pulſe, with the Weight to which it was an equal 
Counterpoiſe before, - AT 
| n 
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And if the Cylinder be preſs'd ſucceſſively by 
different Weights to make the Surface A-D deſcend 
faſter or ſlower, the Air that out thro! the 
Aperture N, will make an Eguilibrium by its Im. 
pulſe with Weights that are in the ſame Proportion 
one to another, as the Weights that ſucceſſively preſ 
the Baſe A D; becauſe the Proportion of the great 
WeightP, to the little one that makes the Eguilibriun, 
is always the ſame as that of the Baſe B C, to the 
Aperture N; whence it follows, that the little 
eights muſt be to each other in the ſame Propor- 
tion, as the great Weights that are put ſucceſſively 
upon the Surface A D. And if the ſame Cylinder 
be fill'd with Water, the Water e jected thro" the 
Aperture K, by the Force of the Weight P, will 
uce the ſame Effect as the Air; that is to fay, 

t will make an Equilibrium by its Impulſe, with 
a Weight which will be to the Weight P, as the 
Aperture K to the whole BaſeB C; becauſe then the 
eight of the enclos'd Water will contribute no- 
thing ſenfibly to the Force of the Ejection, becauſe 
*ris almoſt all below it; and if a 7et-d'eau of the 
ſame Breadth, and the ſame Velocity, ſtrikes di- 
rettly againſt the Water that ſpouts out at the Aper- 
ture K, it would ſtop it, and make an Eguilibriun 
with ir, and ſuſtain a Part of the Weight P, ac- 
cording to the Proportion of the Aperture K, to the 
Surface B C; whence a Paradox follows ſurprizing 
enough, namely, that Air and Water ſucceſſively 
iſſuing out at the ſame Aperture K, what Weight 
ſoever you put upon the Baſe A D, raiſe the ſame 
Weight by their Impulſe, tho Water be of a much 
denſer and heavier Matter than Air: But to make 
amends, the Air goes out with a greater Velocity 
than Water ; for it has been found by ſeveral Ex 
periments, that when the Cylinder is full of. A1. 
* ; 
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it is efnptied in a Space of Time, about 24 times 
leſs than when it js i of Water. 4 


den the ame Elle o JO „if AB 
CD be a Cylindrical Veſſel full Water, and 
open at Top; for the Water that would ſpout out 


at the Aperture N, being ſtopp d by another Water- 
Spout that meets it directly at the Point N, this 
Spout will ſuſtain one Part of the entire Body of 
ater in the Veſſel, namely, the Cylinder whoſe 
Baſe is the Aperture N, and the reſt of the Baſe 
will ſuſtain the reſt of the Water z then this Spout 
being remov'd, the Water that will ſpout out thro 
perture N, will make an Equilibrium by its 
Imp 8 with a Weight, equal to the — this 
is 


ine C linder, whoſe the A N, and 
whoſe Hei DF Cylinder 


ABCD — 
RULE III. 


et- d eau's of equal Breadth iſſuing. out at line 

ertures, made at the Bottom of ſeveral Tubes, full 

Water, of different Heights, make an Equilibrium 
with Weights that are to each other in the Proportion 
7 the Heights of thoſe Tubes. 


The EXPLANATION. 


LetAB (Fe, 450 bea great Tube, and CD a leſs; 
and let their 2 at the Points E and F 4 


* 
| 


will make an Equilibrium, will be to each other a 
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of equal Diameter; it has been ſfiewn before 
that Water ſpouting / our t the E, will make 
am Eguilibrium wich à Weight, equal to the We ich 
of the Cytinder- of Water -BiQ-y and 2 the 
Jet ſpouting out at F, will make an Eguilibriun 
weich a Weight equal to the Weight'of the Cylinder 
of Water F H. Now theſe little Cylinders Having 
by the Hypotheſis equal ' Baſes, ” wil have - theit 
Weights in the ſame Ratio as theit Heights; whence 
it follows, that the Weights with Which theſe Jen 


the Heights A B, CD; conſecquently it is evident, 
that the firſt Velocity of a ſet at its goin g Ont 
onght to be ſuch; that the firſt Drop of — 
ſpouts out ſhould be diſpos'd to riſe as high I the 
upperSurfactof the Water: For ſuppoſe Waret inthe 
large Cylinder A B C D, (Fig. 70000 the Height AD, 
and a Cylinder of Ice, of the Breadth of the Apel 
ture, reaching only from F tc G, and ſuſpended 
from this Point dheckly over the Aperture P, and 
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about half u Line diſtant from it; 5 you - let the | 


Water paſs av anced, it will raiſe 0 the C. 
linder F G by its Impulſe, becauſe v4 can make 
an Equilibrium with a Cylinder of the ſame Breadth, 
and the Height of F E Therefore if the Water 
ſhould ſpout no higher than G from the Point F, it 
could not remain at that Elevation, becauſe "the 
Force of the Water that follow'd, would puſh it 
higher, if it were ſolid as a Cylinder of Ice; whence 
— may conclude, that the firſt Drop would riſe as 
high as A E, were it not for the Reſiſtance: of the 


Air, and ſome other Impediments; beſides, the Wa- 
ter that goes out at F being carried upwards, to make 
an Equilibrium with the Water A D, the firſt Drop 
thin riſes ought to have Force enough to go as _— 
as the upper Surface of the Water in the aſia 
a 
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abſtracting from the Reſiſtance of the Air, as was 
explain d in the firſt Diſcourſe ; here I ſhew d, 
that in-riſing to make the Equilibrium, it ſpouted 
even higher than the upper Surface of the — 
by the Velocity acquired by the great Motion gi 
to the ſet, in order to raiſe it to the Height off the 
upper Surface of the/Water. 
Having fill'd che Refervatory A B C D with Wa- 
ter 16 Inches high above the Aperture of the ſet at 
F; and about a Line above the Brims of the Veſſels; 
(fer, as I ſaid befote, Water will not run over till it 
be about a Line and a half or two Lines above the 
Brims of the Veſſel that contains it, eſpecially if 
they be rubbed vet with a little Tallow) I put a 
Rule upon it, as O L, in an Horizontal Poſition, which 
was rye about a Line lower than the up 
Surface of the Water. I obſerv'd, that upon letting 
the Water ſpout out à little obliquely. thro' the 
Aperture F, and keeping the Veſſel AB C all the 
Time full, a Line above the Baſe of the Rule; the 
jt went as High as the Rule, which 1 found by n 
little Water ſticking to it, which: pethaps might 
have had Forte enough to have riſen à quarter of 
2 Line higher; but when the Water was on 
even with the Top of the Reſervatory, and did not 
riſe above the Brims, no Water ſtuck to the Rule, by 
reaſon of the Air's reſiſting the Force of the Ter. 
But if the Veſſel was two Foot high, the Jer did 
not go ſo high as the Rule by almoſt two Lines; but 
when the Reſervatory was lower, as 5 or 8 Inches 
high, and the Apertures 3 or 4 Lines in Diameter, 
the Jets roſe ſenſibly as high as the Surface of the 
Water, becauſe the ſmall Space of Ait which they 
had to paſs thro could not ſenſtbly diminiſh their 
| Now 
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No according to Galileo s Doctrine, a of 
Water riſen to a Height of 2 or 3 Foot, —.— 1 
its Fall it is got to the ſame Point from which it be. | 
n to riſe, ought at that Point to recover the ſame 
elocity with which it roſe; whence it follows, that 
we may take it for a Rule or Law of Nature, that 
Water ſpouting from the Bottom of a Reſervatory, 
thro a little — — has the ſame Velocity that 1 
great Drop of Water acquires in falling from the 
upper Surface of the Water in that Reſervatory to 
the Aperture of the Ajutage, abſtracting from the 
Reſiſtance of the Hirt. 


The CONSEQUENCE. 1 


Hence it follows, that the Velocities of Water 
iſſuing from the Bottom of Reſervatories of unequal 
Heights, are to each other in a ſubduplicate Propor- 
tion of their Heights; for ſince the Velocity of each 
Jet ought to make them riſe to the Height of 
their Reſervatory; and ſince Galileo has demonſira- 
ted that Bodies moving with different Velocities riſe 
to Heights which are to each otber in a duplicate 
Proportion. of thoſe Velocities, it follows that the 
Velocities are to each in a ſubduplicate Proportion of 
the Heights. 0 | 
K ULE:I... 


© Jet-d'eau's of equal Breadib, and unequal heli 
ties, ſuſtain by their Impulſe:-Weights that are to each 
other in a duplicate Proportion of thoſe Velocities. 


The EXPLANATION. 


Since Water may be conſidered as made up of an 
infinite Number of ſmall imperceptible Particles, 
T9: 


| 
— 
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it muſt 2 that when theſe Particles move 
twice as falt as they did, twice as many of them 
impell at the ſame Time; and for this Reaſon, the 
jet that moves twice as faſt as another, has twice as 
great an Effort, by the ſole Quantity of the impell- 
ing Particles; and becauſe it moves twice as faſt, 
it ſtill has twice as great an Effort by its Motion, 
and conſequently the two Eftorts together ought to 
produce a Quadruple Effect, and fo with reſpect to 
other Proportions. 

(Vid, Fig 45.) This Rule is further prov'd after 
this manner : A B is a Cylinder four times higher 
than the Cylinder CD; the Hole E is equal to 
the Hole F, and the two Cylinders full' of Wa- 
ter: Now fince the Jet at E ought to ſuſtain a 
Weight equal to the Weight of the ſmall Cylinder 
of Water G E, and the Jet at F ought to ſuſtain a 
Weight equal to the Weight of the ſmall Cylinder 
HF; it follows, that the Weights rais'd will be as 
4 to 1 ; but by the Conſequence of the preceding 
Rule, the Velocity of the ſet at F, is to that of the 
jet at E in a ſubduplicate Proportion of the Height 
FH, to the Height E G equently it will be 
as 1 to 2. Th double Velocity of a Jet of the 

f ain a Weight four times as 
great, and ſo with reſpect to other Proportions ; 
whence it follows, that a Jet of Air moving 24. 
times as faſt as another, will ſuſtain a Weight 576 


times greater; being the Square of 24; and 
becauſe a Jet- d eau moving aan dee ſuſtains 
the ſame Weight, we may concl t Air is 576 
times rarer than Water, ſince the Jet - d au moving 
with the fame Velocity, ſuſtains a Weight 576 

times greater. | 8 
The Force of the Air's Impulſe may be known by 
an Experiment made by a — deſcrib'd Eig. 51. 
| as 
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as well as by that of Eg. 48. relating to the Second 
Rule. (Vid. Fg. 51.) AB C D is a Cylindrical 
Veſſel of Tin well ſolder'd, open at C D, and turn'd 
Bottom upwards into another Cylinder, as EF GH; 
in the Baſe of which there is fix d a little Tube, well 
older d, as L 1, that goes into the inverted Cylin- 
der, paſſing a little above the Water N K, that is in 
the Cylinder E H. The upper Baſe A B is preſs d 
by ſeveral different Weights ſucceſſively, to make 
the Cylinder deſcend, and at the ſame time to drive 
out the Air with Violenee thro the Tube IL; to the 
Bottom of which a Balance is apply'd, like that de- 
ſcrib'd Fig. 49. and upon one of the Ends of it dif- 
ferent Weights are laid, to try the Force of this Airs 
Impulſe. The Experiments will appear to agree 
with the Demonſtration aboye-mention'd ; for Exam- 
ple, if with a Pair of Bellows you blow Air enough 
into the Tube L 1, to hinder the Weight M and the 
Cylinder A D from deſcending ; then the Air ſo 
blown in, will have the ſame Effect, as if you ſtopr 
the Point L with your Thumb, to hinder the Air 
from going out; and as in this Caſe, your Thumb 
would bear its Part of the Weight M, join'd to the 
Cylinder A D, and the reſt would be ſuſtain'd by 
the reſt of the Baſe G 11; and this Part would be 
to the whole Weight ſuſtain'd in the Proportion of 
the Baſe G H, and the Height of CD to the Aperture 
L; ſo that if the whole Weight were a hundred 
Pound, and the Baſe G H 1co times greater than 
the Aperture L, the Air blown into the Tube would 
ſuſtain the hundredrh Part of the whole Weight ; 
then reciprocally if you ceaſe blowing, the Air that 
goes out with the ſame Velocity that the Air from 
the Bellows had, which before hinder d it from 
going out, will make an Eguilibrium with a Weight 
$92! to that hundredth Part, | 
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Henee it follows, that if two Cylinders full of Air 
of the ſame Height, having unequal Baſes, are preſsd 
by equal Weights, diſpos'd as the Cylinder ABCD; 
and having equal Holes or Apertures thro' which 
the Air is to pals, the Weights which the Air ruſh- 
ing out will raiſe, will be to each other in a reciprocal 
Proportion of their Baſes; for let each of the two 
| MW Cylinders ABCD, ab cd, be put into another 
' Cylinder full of Water, as was explain'd in the fore- 
going Figure; and let the two Weights M and , 
plac'd upon theſe unequal Cylinders, be equal, and 
the Weights rais'd be P andp, namely, P by M, 
and p by m; foraſmuch as the Baſe G H is to 
the 1 L, as the Weight M to the Weight 
P, rais'd by the Air going out at L; and as the 
Aperture /, equal to L, is to the Baſe þ g, as the 
Weight bo rais'd by the Air going out ar /, to the 
Weight M or ; the Proportion being found to be 
ual, the Baſe G H will be to the Baſe Þg, as the 
Weight p to the Weight P. But if the Weights 
preſſing upon the Cylinders be proportionable to their 
Baſes, they will raiſe equal Weights by the Impulſe 
of the Air, which they will force out at equal Aper- 
tures; as if the Baſe GH be 24, and the Baſe g h 
12, and the Weight M be 12 Pound, and the 
Weight #2 6; the Aperture L being 4, and / the ſame, 
the Weights P and p will be each 2 Pound, which 
may very eaſily be prov d. 


The Gonſequenze of the Firſ0 DEMONSTRATION. 
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It follows, that the Time of the Air's going out 
of the great Cylinder, will be to the Time of the 
Air's going out of the little Cylinder, when they 
are preſs d by equal Weights in a Compound Ratio 
« that of the Baſe G * to that of the Bale 2 b, 
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and of the Subduplicate of the ſame Baſe GH, to 
the ſame Baſe g h; for if the Velocities were equal, 
the Times would be as the Baſes: But the Weights 
rais'd, being in a reciprocal Proportion of the Baſes 
and the Velocities, by the Third Rule, being in a 
ſubduplicate Proportion of the Weights rais d, the 
| Velocities will be reciprocally in a ſubduplicate Pro- 
portion of the Baſes ; that is to ſay, that the Velocity 
thro* J, will be to the Velocity .thro' L, in a ſub- 
duplicate Proportion of the Baſe G H, to the Baſe 
gh; and conſequently the Time of the Air's going 
out of the great Cylinder, will be to the Time of 
the Air's going out of the little Cylinder, in the 
Compound Ratio of that of the Baſe G H, to the Baſe 
g b, and of the ſubduplicate of the ſame Baſes one 
to the other ; which is found true by Experiment; * 
For a Cylinder whoſe Baſe is 8 Inches 7 Lines in 
Diameter, and another whoſe Baſe is 5 Inches 6 
Lines, being each preſs'd by a Weight of 44 Ounces, 
the great one will be emptied in 47 half Seconds, 
and the little one in 12. Now the Baſes G H and 
g b are to each other, as the Squares of their Dia- 
meters GH and g h; and74 Inches, which is pretty 
near the Square of G H, whoſe Diameter is as 8 
Inches 7 Lines is to 30, (which is pretty near the 
Square of g h, whoſe Diameter js 5 Inches 6 Lines,) 
3547 to 19 pretty near; 2nd as 74 is to 47 the Mean 
Proportional betwixt 74 and 30, ſo is 19 to 12; 
whence it appears, that 47 is to 12 in the Compound 


Ratio of that of the Baſe GH, to that of theBaſe gh, 
and of the ſubduplicate Proportion of the ſaid Baſe 
GH, we ker bo 


RULE V. 


Jet. d'eau's of the ſame Velocity, and | different 
| #4 ' 1 3 %. , Holes, 


: ? 
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Holes, ſuſtain by their Impulſe Weights that are 


to each other in a duplicate Ratio of the Diameters 
of 2 heir Hole J. 


Let two Surfaces A B, and C D, have two Holes 
at Eand F (Fig. 52) and let the two Fet-dean's EN, 
F M, paſs thro theſe Holes; it is evident, that the 
a Surface of the Hole E is to the Surface of the 
Hole F, in a duplicate Proportion of the Dia- 
meter G H,” to the Diameter K L; and the Veloci- 
ties being ſuppos d equal, if the Diameter G H be 
twice as great as the Diameter K L, there will be 
four times as many ſmall Particles of Water to im- 
pell in the Baſe G H, as in the Baſe K L; they will 
produce then a quadruple Effect, and if the Sur- 
faces of the Jets are reciprocal to the Heights of the 
Reſervatories, they will make an Eguilibrium with 
equal Weights. | 
| To eſtimate the Force of running Water ſtriking 
againſt the Paddles or Floats of a Water-Mill, or 
any other Machine, you muft know its Velocity, 
and compare it with that of Water ſpouting from 
the Bottom of a Reſervatory. It is necellary like- 
wiſe to Know the Specific Gravity of Water, with 
reſpedt to other Bodies; concerning which I made 
the following Obſervations. _ 

I caus'd a Cubic Veſſel of Copper to be made, 
one of whoſe Sides was 6 Inches, and conlequently 
its Contents the 8th Part of a Cubic Foot. I pit it 
into one of the Scales of a Balance, and a Weight 
equal to it in the other; afterwards I fill à it very 
carefully with Water, thro” a little Hole made to- 
wards an Angle in the upper Plate. I found by ſeve- 
ral Trials, that this Water weigh'd 8 Pounds 3, and 
conſequently that a Cubic Foot of Water ought to 
weigh 70 Pounds. The Paris Muid or Barrel, contains 

K 3 8 Cubic 
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8 Cubic Feet, and every Cubic Foot 36 Pints; when 
the Meaſure is ſo exact, that the Water does not 
riſe above the Brims; but when it riſes as much 
above the Brims as it may without running over, it 
contains only 35 Pints; every one of theſe laſt 
mention d Pints weighs 2 Pounds, and the other 
2 Pounds wanting 7 Drams. The Paris Barrel 
contains 288 of thoſe latter Pints, and 280 of the 
other ; thence you know that a Cylinder of Water 
a Foot in Height, and whoſe Baſe is a Foot in Dia- 
meter, weighs only 55 Pounds, becauſe the Propor- 
tion of a Circle to the Square that circumſcribes it, 
is, pretty near, as 11 to 14. Now as 14 is to 11, 
ſo are 70 Pounds to 55; whence you know that a 
Cylinder a Foot in Height, and an Inch in Baſe, 
weighs 6 Ounces and a Dram very near; for the 
144th Part of 55 Pounds, is 6 Ounces and 3, and a 
Dram is 3; whereupon I made the following Ex- 
periments. 1 5 
Having faſten'd a little Boat to another very great 
one, that was unmoveable in the midſt of the Stream 
of a River where it was very rapid, we meaſur d a 
Diſtance of 15 Foot lengthwiſe on the little Boat; 
we afterwards threw out a little Piece of Wood, or 
a Blade of Graſs 2 or 3 Foot from this little Boat, 
over-againlt the Place where the firſt Mark of the 
.15 Foot was; and by the Vibrations of a half Se- 
cond Pendulum, we counted how many half Seconds 
it was in paſſing from one Mark to the other; if it 
d in 10 half Seconds, we concluded that in this 
lace the River went with the Velocity of 3 Foot 
in a Second. Afterwards we made uſe of an Axis 
with two Rulers acroſs it, in ſuch a manner that the 
Planes in which they were cut each other ar right 
Angles. At the End of one of theſe Rulers we fix d 
a little thin ſquare Board, 6 Inches broad, that 


dipp d 


| 
| 
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ter roſe 2 or 3 Inches above it; and at the ſame 
Time, at the End of the other Rule that was in an 
horizontal Poſition, we put a Weight at the ſame 
Diſtance from the Axis as the middle of the Board, 
and increas d or diminiſh'd it till it made an Equi- 
hbrium with the Impulſe of the Water againſt the 
Pallet, or little Board. We made ſeveral of theſe 
Experiments in that Part of the River where the 
Stream was moſt rapid, and in other Places where 
the Water did not go fo falt ; and we always found 
pretty near the ſame Proportions correſpondent to 
the Force of Water iſſuing from the Bottom of a 
Tube 12 Foot high : This is the way ro make the 
Calculation. | | 
Having found that the moſt rapid Water went 3 
Foot; in a Second, and that it then ſuſtain'd by its 
Impulſe againſt the Palet 3 Pounds ;, we concluded 
that the Jer from the Bottom of a Reſervatory 12 
Foot in Height, goes out with the Velocity of 24 
Foot in a Second, according to Galileo Doctrine, 
before explain'd. This Velocity is then about 7 


times; greater than that of the River. The Square 


of 74 is 563, and conſequently if this Jet be of 
the ſame Breadth as the Pallet, it ought to ſuſtain a 
Weight about 56 times greater. Now 12 Cubic 


Feet of Water weigh 840 Pounds, the Quarter of 


which is 210 Pounds; which we take, becauſe the 
Pallet is but half a Foot; and 4 Column of Water 
whole Baſe is but half a Foot ſquare, and 12 Foot 
high, weighs 210 Pounds; and if you divide 210 
by 56, the Quotient will be about 3 Pounds 3, the 
Weight found by the Experiment. | 
found in like manner the Force of running Wa- 


tet in ſeveral other Places of the River, and even in 
the AqueduCt of Arcueil. I made an Experiment at 


K 4 the 


dipp'd perpendicularly in the Stream, till the Wa- 
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the Side of the River where the Water moved a Foot 
and a quarter in a Second,and it made an Equilibrium 
with a Weight of 9 Ounces ; to compare it with 
the Velocity of 3 Foot 3, you muſt rake the Square 
of 1 3, which is 15, contain'd about 6 times; in 
the Square of 3 5, which is 10 ;; for the Produ 
of 6 : by Lis 9 and 2, which is a little more than 
60 Yunces. which make 3 Pounds 4. | 
The Wheels of che Mills that are upon Seine at 
Paris, betwixt Pont-Newf, and Pont au-Chunge, have at 
their Circumfcrence but half the Velocity of the run- 
ning Water that ſtrikes againſt them; which comes to 
the ſame thing, as when a Weight in Motion meets 
with another equal to it ſelf, that is at reſt and 
ſticks to it; for being join d together immediately 
after their Congreſs, they go forwards with onl 
| half the Velocity of the impelling Weight; and ſo 
| you may ſuppoſe, that the Reſiſtance from the 
| Friction of the Axis of the Wheel, and that of the Mill, 
3 and the Grain that it grinds, join'd to the Weight of 
the Mill and its Floats, is pretty near as great as 
the Reſiſtance of a Weight equal to that of the im- 
pelling Water; and conſequently they ought to re- 
tard pretty near one half of the Velocity of the Water 
that ſtrikes againſt them: The ſame Proportion is 
obſerv d in the Wheel of the Pump of the Samaritain. 
You muſt conſider, that the Water of a River 
does not go equally faſt at its Surface, and in 
its other Parts; for the Water near the Bottom is 
very much retarded by meeting with Stones, Weeds, 
and other Inequalities. 


I made the following Experiments of theſe dif- 
ferent Velocities. 

I put two Balls of Wax, faſten'd to a Thread of 

a Foot long, into a little River whoſe Motion was 

uniform; the one was loaded with little 2 

Within, 
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within, to make its Specifick vity a little 

eter than that of Water; ſo 9 8 the two 

Ils were in the Water, the heavieſt ſtretch'd the 
Thread, and made the lighteſt ſink lower than it 
would have done, had it been alone; and by chis 
means its upper Part was almoſt upon a Level with 
the Surface of the Water, ſo that the Wind could 


have no Power over it. I always obſerv'd, that the 


loweſt Ball ſtay'd behind, eſpecially in the Places 
where there were ſome Weeds at the Bottom of the 
Water near which the lower Ball paſs'd ; for this 
River was but about 3 Foot deep : But when theſe 
ſame Balls were put in a Place where the Water 
meeting with ſome Obſtacle, roſe a little, and af- 
terwards took a more rapid Courſe, as is obſerva- 
ble under Bridges, the lower Ball outwent the up- 
per; which ſhew'd, that the Water in the middle 
then went faſter than that of the Surface ; which 
proceeds from this Cauſe, the Water riſing a little 
higher by reaſon of the Obſtacle, acquires a greater 
Velocity, by running down a ſteeper Declivity ; and 
this violent Motion cauſes it to plunge, and go be- 
low that of the Surface; as if AB CD be the 
Courſe of the upper Water, and by an Obſtacle to- 


yards B, (Eg. 53.) it riſes to the pricked Line EF, 


It will run faſter along the ſteep Declivity EF C; 
and by the Velocity which it will have acquir'd at 
C, it will continue its Direction below C D, as to 
GH; and conſequently it will go ſwifter at G and 
H, than at I and D; and thence it happens, that in 
moderate Rivers there are always great Cavities a 
little below Bridges. You ſee a Proof of it in all 
the Bridges of the Cauſeway of Nogent upon the 
Leine; for the Water which riſes, by meeting the 
Piles of a Bridge, acquires a greater Velocity, and 
palles on with Violence below that above it, to the 


Bot- 
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Bottom, where it carries away the Sand, and d 
it along to a Place a little below the Bridge, and 
collects it together in an Heap; but when the Wa. 
ter is in its Bed, and its ordinary and moderate 
Courſe, the upper Part of it ought to go ſwiftet 
than that which is a Foot below it : For let AB 
(Tu. 54.) be an horizontal Line, and CB the De: 
clivity of the Bottom of the River, DE the Water 
half 2 Foot Diſtance from the upper Part F G, both 
parallel ro C B. Now becauſe Warer is viſcous, and 
its contiguous Parts are a little faſten'd together, the 
Water D E will carry along that which is imme- 
diately above, with almoſt the ſame Velocity which 
it has it ſelf; and afterwards that which is at FG, 
which moving _—_— of it ſelf, by reaſon of its 
Inclination, goes a little faſter than the Water D E; 
which may be better comprehended, if you ſuppoſe 
FL to be a Board ſwimming upon the Water, whoſe 
upper Part is in an Inclination parallel to C B, ha- 
ving a very round Ball upon it; for this Board be- 
ing carried along by the Water, would carry the Ball 
along with it, which would of it ſelf roll the 
Length of the Board to G, and conſequently its Ve: 
locity would be greater than that of the Board. 
I have farther often obſerv d Weeds carried along W 

the Water; and I plainly ſaw, that thoſe within the 
Water, neareſt the Bottom, being advanc'd farther 
than thoſe near the Surface, were ſoon overtaken, 
and left behind by rhe upper ones; and if I caſt 
into the ſame Stream a Handtul of great Sawings c 
heavy Wood, that went ſome ſooner than others to the 

Bottom, I always found that thoſe nearer to the 
Top, went before the others in a proportional Order, 
as they were more or leſs diſtant from the Bottom. 
From which Experiments it appears, thar in Rivers 
that run freely, the upper Part of the Water Bo 
aſter 
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iter than that in the Middle, and the Middle faſter 
han that towards the Bottom; and in thoſe that 
e conſtrain d to paſs in a narrow Channel, being 
ept in on both Sides, the Middle goes ſwifter 
han the Surface, if there be but 2 or 3 Foot depth 
F Water. | | 
Here follows is the manner of calculating the Force 
F the Mill-W heels upon the Seine. 
I ſuppoſe that there are two Wheels to one Axis; 
hat they are 5 Foot in Semi-diameter ; and that the 
Boards call'd Ladles, Floats, or Pallets, are 2 Foot high 
n the Water, and 5 Foot long: I ſuppoſe likewiſe 
hat the Velocity of the Water that ſtrikes againſt 
he Floats, is 4 Foot in a Second, which is com- 
on enough ; for it riſes a little upon meeting with 
he Boat that carries the Mill, and conſequently over- 
gainſt the Middle of the Boat it goes faſter than if 
t had not been ſtopt. Now a Jet half a Foot ſquare, 
pouting from a Reſervatory, wherein the Water 
ontinues 12 Foot higher than the ſaid Jet, can 
ſuſtain 210 Pounds; its Velocity, which is 24 Foot 
In a Second, is 6 times greater than that which im- 
dells the Wheels of a Mill; then this Water that 
ſtrikes againſt a Float of half a Foot, ought to 
uſtain but the 36th Part of 210 Pounds, according 
o the firſt Rule; it will ſuſtain then 5 Pounds and 
{ The ſquare Foot will ſuſtain the 4th Part, name- 
ly, 23 Pound 3; and becauſe the Floats of a Wheel 
have 10 Foot in Superficies. they will ſupport 233 
Pounds 3, the other Wheel will have the ſame Force 
then the Two will ſuſtain 466 Pounds 3}, plac'd on an 
Horizontal Ruler at the ſame Diſtance from the Axis 
Wo the Middle of the Pallettes, namely, at 4 Foot 
Diſtance, 
4 5 
The 
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The Force of the Wind's Impulſe againſt the Sails 
of a Windmill, may be found after the following 
manner. 3 FIFT 1 7:07 | | 

Take a cylindrick Machine with Rulers, like that 
mention d in the foregoing - Experiments; A R 
(Fig. 55.) repreſents its Axis; GH is an 22 
tal Ruler that goes thro' the Axis of the Cylinder 
at right Angles; I L is another Ruler plac'd per. 
pendicularly upon G H; again, MN O is a per- 
pendicular Ruler, plac d obliquely in an Angle of 
45 Degrees in reſpett of the Ruler G R: Now if 
you ſuppoſe a Jer of Water to ſtrike directly upon 
the Ruler I L, at the Point Q, fo as to turn the Cy- 
linder according to the Order of the Letters 4 h cd, 
it will act with all its Force to ſuſtain the Weigh 
R; but if another jet equal to it ſtrikes the Ruler 
MO directly at the Point S, which you ſuppoſe as 
far diſtant from the Axis as the Point Q, it cannot 
ſuſtain the Weight R, becauſe its Direction will not 
be parallel to the Direction of the Extremity of 
the Ruler IL, and it can only ſuſtain a Weight that 
will be to the Weight R, as the Side of a Square 
to its Diagonal; and if the ſame Jet be parallel to 
the Axis A B, and ſtrikes at the ſame Point S, you 
muſt {till diminifh the Weight R in the ſame Pro- 
portion to make the Eguilibrium, becauſe this et 
will ſtrike this Ruler obliquely in an Angle of 
a5 Degrees, and then R will have but half its 
Weight; for if AB C D (Fg. 56.) be a Square, the 
firſt Ratio will be as that of AC to AB; and the 
ſecond as that of A B to A E, the half of A C, as 
has been further explain d in the Treatiſe of Per- 
cuſſion, at the End of the 13th Propoſition of the 
Second Part. Now the Wind that impells the 
Sails of a Windmill, ſtrikes againſt them obliquely; 
and if it met every Sail in an Angle of 45 Degrees, 

n 
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no more of its Force would remain than in the' 
Proportion of a Diagonal of a Square to its Side 
for . that only Reaſon 3 but if that Sail which is 
oblique to the Axis, were ſo in the ſame Angle, this 
ſecond Cauſe would till diminiſh the Force of the 
Wind in the ſame Proportion, as was ſaid before of 
the Jet. d eau; and the total Diminution from theſe 
two Cauſes, would be of. half the Force of this 
Wind, when it ſtrikes againſt this Ruler, as I L, 
diſpos'd to move at the 1 to its 
Direction; ſo that if its total Force was fo, it 
would be reduc'd to 40 by theſe two Cauſes. But 
becauſe the Sail, whoſe Obliquity is 45 Degrees, 
receives a leſs Breadth of the Wind, than when it 
is directly oppos'd to it, it ſtill receives a. Third 
Diminution in the ſame Ratio of A C to AB; and 
the total Diminution will be as A C to EF, or meetly 
2580 to 28 3. But if the Obliquity of the Sail be NO, 
and the Angle made by A B and N O be of 60 De 

(Fg. 55.) then the eat Cauſe alone will diminiſh 
half the Force of the Wind, and reduce it from 80 
to 40, and the two others together, will reduce it 
from 40 to 31, pretty near; whence you — judge, 
that jt is better that the Sails of a Windmil code 
have this Obliquity, than that of 7. 

To know the Force of Wind that ſhould blow 
directly againſt the Sails of a Ship, you muſt know. 
the Velocity of the Wind. You may find it by let- 
ting a very light Down Feather be carried by the 
Wind from ſome fix'd Place, and obſerving the Time 
that it takes up in running thro a certain Space, as 
of 30 or 40 Foot. Now, ſuppoſing the Wind to go 
24 Foot in a Second, as it does in an ordinary high 
Wind that's much leſs violent than great Tempelts 
and Hurricanes, it will go as faſt as a Jet that ſpouts 
from a Hole 12 Foot below the Surface of its Reſer- 

: vatory ; 


142 _ A Treatiſe of 


vatory ;; and becauſe the Wind ought to go 24 
times faſter than the Water, to produce the ſame 
Effect, it will perform no more than Water of an 
equal Breadth, that goes but one Foot in a Seco 
or than the Jet that goes 24, if the Breadth of the 
Wind be 24 times greater in Diameter, or 576 
times in Surface. Now a Jet half a Foot ſquare 
coming from a Reſervatory 12 Foot high, can ſuſtain, 
as was faid before, a Weight equal to the Weight 
of a ſquare Column of Water, whoſe Baſe is half 
2 Foot ſquare, and its Height 12 Foot; and fince a 
6 Inch Cube of Water weighs 8 Pounds 2, if you dou- 
ble this Height, it will be 17 Pounds for a ſquare Co. 
lumn a Foot long, and half a Foot broad; and if it 
be 11 Foot long, 210 Pounds will be ſuſtain'd by a 
Jet half a Foot ſquare: That the Wind then mo- 
ving with this Velocity, may ſuſtain the ſame 
Weight of 210 Pounds, the Sail that it impells 
muſt be 24 t mes broader and longer than half a 
Foot; that is to ſay, it muſt be 12 Foot broad as 
well as long, or 6 Foot broad, and 24 Foot long , 
and then the Wind that goes 24 Foot in a Second, 
will ſuſtain 210 Pounds, plac'd upon an horizon- 
tal Ruler, faſten'd to the ſame Axis as the ſquare 
Sail of 12 Foot, at the ſame Diſtance from the 
Axis as the Middle of the Length of the Sail, which 
ought to be in a perpendicular Situation; but if the 
Wind goes but 12 Foot in a Second, it will ſupport 
but 52 Pounds 3, the Quarter of 210 Pounds. 
Tf you would make the Experiment in ſmall, 
you muſt make uſe of the Axis deſcrib'd, (Fig. 55.) 
and take a Sail a Foot broad, and a Foot long, 
whoſe Surface being a Foot, will ſupport but the 
114th Part of 52 Pounds :, namely, 5 Ounces 5, if 
this Weight be at the ſame Diſtance from the Axis 
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3s the Middle of this little Sail; but you muſt 
chuſe a Wind that goes 12 Foot in a Second. _ | 
This Way you may eaſily calculate the different 
Forces of Water and Wind by their Impulſe. _ 
To compare the Force of Windmills with that 
of the Mills upon the Seine above-mention'd, I 
ſuppoſe that each of the 4 Sails is 30 Foot long, 
and 6 Foot broad, which produce 189 Feet ; if the 
Wind goes but 12 Foot in a Second, it * 5 
Ounces 5, when it impells a Sail of a Foot Surface; 
if it impells one 180 Foot in Surface, it will ſuſtain 
almoſt 66 Pounds; but you muſt take awa 
by reaſon of the triple Obliquity of the Impulſe, as 
was before prov'd ; if the Obliquity be of 30 De- 
grees, there will remain 29 Pounds, and the four 
Sails will ſuſtain 100 Pounds; but the Diſtance of 
the Axis from the Middle of the Wheel is 20 Foot, 
and that from the Middle of the Floats to their Axis 
is but 4 Foot: Then by this Cauſe the Windmills 
will augment their Force in a Quintuple Propor- 
tion ; and if the Cog-Wheel of each be 2 Foot in 
Diameter, the Force of the Windmill will be 19 
times 100, and that of the Watermills twice 466 
Pounds, when the Wind goes 12 Foot in a Second, 
and the Stream of the Water 4 Foot: You may 
make the like Calculations for greater or leſs Velo- 
015 of Waters and Winds, and for greater or leſs 
ails. 1 
Some have undertaken to make horizontal Mills, 


to turn with every Wind, of which I have ſeen 


Three Kinds. 
Thoſe of the firſt Kind, had their Sails concave 


and convex in an Angle of 45 Degrees, as you ſee 


in (Fg. 57.) AB is the Top of the Concave, and 
CD the Top of the Convex, the Wind blowing a- 
gainft both, will pot àct after the ſame manner; for 


i 


0 
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it will ſlide on both Sides from the Ridge, or Rib 
C D along the Planes CL and CN, and will a& 
only in the Ratio of 8 to5 ;; whereas when it 
meets the Concave, and cannot ſlide off, it will ad 
with all its Force, as if there was a Cloth ftretch'd 
upon EQH F, and fo it will act with all the Force 
its Impulſe, which is 8 ; and there being Six ſuch 
Sails, Three of them will always receive a little 
leſs than a Third more of the Impulſe than the 
Three others; which muſt neceſſarily make the 
Wheels turn but with very little Force, ſo as to 
turn only when the Mill is empty; or they mult be 
immenſely great, and then they would not be able to 
ſuſtain their own Weight, and would be in danger of 
being carried away by an impetuous Wind : To 
bring them to Perfection, the Angle EA Q miſt 
be of 30 Degrees, and then the Proportion of the 
Force of the Wind in the Concave, in reſpect of the 
Convex, will be as 4 to 1, as was explain'd in the 
Rules of the Fall of Bodies, at the End of the 
Treatiſe of Percuſfon, the Third Edition. More- 
over the Faces CN, CL, and B E, B Q, may be 
made moveable, that they may fold in a little in 
the Sail C D, and open in the other, which would 
ſtill increaſe the Proportion; each Pair of theſe 6 
Sails muſt likewiſe be put one over another, that 
they may receive the Wind the better, and theſe 
Mills may produce the ſame Effect pretty near as 

thoſe before- mention d. | 
The fecond Kind had rhe Breadth of their Sails 
in a vertical Situation; but the Cloth that cover d 
them was in moveable Frames, and on one fide lean d 
entirely npon the Ends of Beams of Wood that in- 
compaſs d them when the Wind blew againſt them, 
and thus they receiv'd all the Force of it; but on the 
other fide, turning upon an Axid, and having 
| | - no 
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no Stop, they gave way to the Wind; and by this 
Means, ſome part of the Wind paſt thro* the 
Openings that were made, which occafion'd much leſs 
Force on that Side than' the other, and the Wheel 
neceſſarily turn d; but ittturn d very weakly, even 
when the Mill was empty. When the common 
Windmills turn'd with à moderate Wind, this did 
not turn at all, or very ſlowly, becauſe there was 
not a quarter more Force remaining on that Side 
where the entire Force of the Wind was apply d, 
than on the other ; which happen d for this Reaſon, 
Tflat the Frames receiv d as much of the Wind on 
one Sicke as on the other; and the Side · frames that 
open d, fell a little by their Weight, and ſo met 
the Wind that ſuſtain d them, never riſing up. to 
the horizontal Height; but it open'd only half 
more or- leſs; they were therefore uſeleſs for the 
moſt Part, and could only grind in violent 
RS! 2 621777: STORING 

The Third Way was to cover half the Number 
of the Sails by half a Cylindrical Circumference of 
Tin, or other light Subſtance, which was directed 
towards the Wind by a large Vane, at a great 
Diſtatice from the Center of the Machine; and by 


this Means, only three on one Side receivd the 
Impulſe of the Wind, without Obſtruction from 


the three on the other Side; but this Machine 
could not be made in great, by reaſon of the pro- 
digious Bigneſs that muſt have been given to the 
Semi- Cylindrical Circumference, which would have 
indanger d its being carried away by a Wind of 
ordinary Violence. | 

I have ſeen likewiſe a Model of horizontal Wind- 
mills, made uſe of (as they ſay) in China; they are 
made like a Lantern, with ſeveral Sails that turn 
upon Axes towards W of the — 

an 
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and the oppoſite Point, towards the, Top: - Theſe. 
Sails meet with Pegs in certain Situations, that ſtop 
them, ſo that they receive the Wind the moſt di- 
rectly that can be; and when they have made half a 
Turn by, the Revolution, of; the Marhing, they, turn 
and Iye before the Wind like Weathercocks, and are 
atted upon but very little, ſo as not to obfiru& 
thoſe on the other Side, Ned the Wind impells 
almoſt directly: In a word, there are none on the 
other Side hut what receive the Wind very obliquely; 
and by this Means, the; Wind always acts almoſt 
rwice as much on one Side, as on the other; which 
produces, a ſufficient F&-O.in the whole Machine, 
whoſe Axis is placedim, the Middle of the Milbſtone 
that is beneath; whezefoxe it is not neceſſary 10 ap- 
ply Cogs and Roungs to this Kind of Mills as it is 
to others, by the Friction of which the Force is 
e, ain vio blue bns ned J. 
By the ſame Method above - mention d, you may 
calculate the Velocity. of Wind neceſſary to over- 
throw Trees, or Pillars ſet up on End, without 


ſuſtaining, any thing: Theſe are Examples of, it. 
12 ue pee be aSquarerof epd, a 


* 
? 
11 
1 - 


Torr ot .a Paper-Frame,, a; Foot in Breadth y Jet the 
eight together with the, Paper paſted to itz ben 
* and a Quarter, or 20 Ounces, and the fout little 
ieces of Wood that make up the Square, be an 
Inch broad. Place it perpendicularly upon an hori- 
zontal Plane, and expoſe it directly to the Wind; 
then a Wind that goes 12 Foot in a Second, impell- 
ing 7 will ſuſtain near 6 Ounces, as was before 
prov'd ; and hecauſe it is but 12 Lines thick, half 
its Thickneſs where its Center of Gravity is, will 
be but 6 Lines; for the Weight of the Paper is not 
here confider'd ; and becauſe the Diſtance from its 
Center of Gravity, to its Fulcrum, or Center of 
2 Motior, 
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Motion, is & Inches, the Wind will act like a Lever 
as 6 Inches to 6 Lines, or as 12 to 15 and E F be- 
ing the Axis of Motion, the Proportion of the Wind's 
Force againſt the Weight of the Square of 20 Ounces, 
will be as 72 Ounces, the Produkł of 6 by 12, to 20 
Ounces, therefore a le Force of Wind than this 
will make an Eguilibrium; and if you take 6 Foot 
in a Second, you will have only a Quarter of 72 
Ounces, namely, 18 Ounces; and if 36, the Square 
of 6, gives 18, 40 will give 20 Ounces, ' The ſquare 
Root of 40 is a little more than 63; a Wind then 
that goes 6 Foot; in a Second, is tequiſiite to over- 
turn this quare Frame; I have made the Experi- 
ment at the Top of the Obſervatory, and in The 
4 ... 5 EONS, 
Lou may calculate in like manner, the Force 
that's neceſſary to break a Branch of a Tree half a 
Foot thick, 15 Foot the Length of the Body, and 
30 Foot in Boughs and Leaves, which make goo ſu- 
perficial Feet for the Wind to impell. The abſolute 
| Reſiſtance of the Bottom of the Branch to be broken, 
taking it from Top to Bottom, will be 2073603 
for the abſolute Reſiſtance of a Stick of 3 Lines, 
has been found to be 360 Pounds. A B (Fg. 59.) is 
the Body of the Branch, D F E B the Compaſs of 
irs Boughs and Leaves, and C the Center; the 
Diſtance A C is 30 Foot, the P tion of 30 Foot 
to the Third of the Thickneſs towards A, which is 
but 2 Inches, is as 180 to 1; dividing 207360 by 
180, the Quotient will be 1152: The Force then of 
1152 Pounds is neceſſary to break the Braneh at 
A; there are 900 ſuperficial Feet in the Boughs 
and Leaves of the Tree : and becauſe 2 ſuperficial 
Feet, impell'd by a Wind that goes 12 Foot in a Se- 
cond, ſuſtain 3 of a Pound, they will ſuſtain 450 
times ; that is to fay, 1337 Pounds, prerty near, 
2 W 
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which is a much leſs Number than 1157: Therefore 
as 337 is to 1152; 10 144, the Square of 12; 
is to 492 2; whoſe ſquare Root is 22 5, pretty near; 
the Wind then muſt go 22 in a Second, to break 
ſuch a Branch of a Tre. 
The Impulſe of the Wind againſt the Sails of a 
Ship to incline or overſet it, follows the ſame Rules, 
and thoſe of the Equilibrium; for if to the Ship ABC 
(Fig. 60,) whoſe Center of Gravity is in the Line DB; 
you, fix a Weight at the Point C, it will incline, 
and the common Center of Gravity will be in the 
Line 6D ; that which is in the Water will make 
an Equilibrium with it ſelf, and the Weight C, with 
the reſt of the Ship on the other $ide, above the 
Water: Now the Sail D being impell'd, produces 
the ſame Effect as a great Weight, and their Efforts 
may be compared, as before, according to the 
Force of the Wind, and the Elevation of the Sail 
above the Ship; and if you make uſe of the Me- 
thod hefore explain d, you may know what Velo- 
city the Wind muſt have to overſet a Ship, if you 
know the Weight of the Ship, and all that's in it, 
the Breadth of the Sails, and the Obliquity or Di- 
rection of the Impulſe, in comparing its Force with 
that of a Weight, as C; but you muſt conſider, 
that a Ship does not turn by the Wind, as if there 
were an Axis at the Point ;, that turn d upon two un- 
moveable Pivots or Centers, and that it is not overſet 
Jo eaſily as it would then be; but likewiſe, that in roll- 
ing it can take a Continuation of Motion; which, 
join id to a great Impulſe by a ſudden Blaſt of Wind, 
may carry it much beyond the Eguilibrium, and 


overſet it. 5 0 ri t-. 
When you can only employ a certain Quantity of 
Water to ſome Impulſe, you may augment its Force 
in cauſing it to ſpout from a greater Height. N. 


1 
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AB (Hg. 61.) is the Top of a River kept in on 
both Sides ; C is an Opening of a Foot, ſquare, 
thro which the Water ought to iſſue forth, let E 
1 of the Opening, and the Height 

, 3 Foot. 

It has already been demonſtrated, that the Im- 
pulſe of the Water will ſuſtain the Weight of a Bulk 
of Water whoſe Baſe is the Square of C D, and the 
Height E B of 3 Foot; this Weight then will be 
thrice 70 Pounds, or 210 Pounds. Let the Water 
then be ſo reſtra ind, that its Height may be 12 Foot 
to F, which ig the Middle of the ſquare Opening 
GH, the Jet thro' F will go twice as faſt as thro 
E. If then jt be contriv d that as the Diagonal of 
a Square is to its Side, ſo C D may be to GH; 
the Surface of this Opening will be half that of 
CD, and the ſame Quantity of Water will paſs 
thro' in the ſame Time, becauſe it will go twice as 
faſt; and the Weight which it will ſuſtain by its 
Impulſe, will be * to the Weight of the Bulk 
of Water whoſe Baſe will be the Square G H, and 
its Height that of F B: But this latter Bulk of 
Water having four times the Height of the former, 
and its Baſe only leſs by half, it will weigh twice 
as much; and the Jet. thro! G H will ſuſtain a 
Weight double to that ſuſtain d by the Jet CD; 
whence you ſee, that to tutn a Mill that wants Wa- 
ter, and has but half the common Quantity, by gi- 
ving it a Depth four times greater, the ſame Water 
will turn it, and produce as great an Effect, as if 
there had been twice as much Wate. 
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of the lache s. ad Lines. f, Water by 
+ which the Meaftre of 92 and 
ponting 7 erg i Gere ſs Ran, 
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T "AF Foun CA Contra, — 
21 & or Water that Springs give, by 
' "Circular — and Lines which ate contained 
ſupetficially in the Area of the Holes which the 
Water fills in running gently thro them ; but they 
have not determined what Quantity of Water thoſe 
Circular Inches and Lines give in a certain Time, 
nor what'ought to be the Elevation of Water above 
theſe Holes, to ſupply [their running with a full 
Bore ; which yet is r to know-what an Inch 
of Water is; for if the Water ſtood at 6 Lines 
aboye a Circular Hole of an Inch, it would give 3 
eat deal more Water, than if it was but 1 Line 
aboye it; For as it has been demonſtrated before in 
. the 3 Second Part, a Sate Height of Water makes 


9 41 


17 


HyDRoSTATICxs, L51 


the Water-ſpouts go quicker,” and the Expence of 
Water thro' the ſame Paſſage is according to the 
Proportion of the Velocity” it has in flowing out z 
which is prov'd' in the following manner. 

AB (F. 62.) is a veſſel full of Water, C EDB is 
one of the Sides of the Veſſel wherein there is an 
Opening at I; GH is a Cylinder of Wood, or Ice, 
* Falte dr that Hole with an uniform n Swift 
neſs 


But Hit be ſuppoſed, that ! in a Second it ad- 
Vances the Space GH, it is evident, that in tlie 
ſime time it will pals entirely and exactly thro? the 
Opening I; if it begins o enter at the End H, and 
that if it goes twice as flow, it muſt take up two 
Seconds to paſs thorough entirely; and conſequently 
there will paſs bur half in a Second, and the ſame 
28 to any other Proportions. 

The fame Conſequence” may be deduced as to 
Water-Ipouts, vis. Thar there will paſs twice as 
much Water in the fame Time thro the Opening J, 
when it runs twice as faſt; and that if in'a Minute 
it gives 10 Pints in ung thro” that Opening with 
a certain Swiftneſs, it will give 30 in the fame 
Time, if it goes thrice as faſt. 5 

This beine ſuppoſed, it is evident, that if chere 
be two Openings round and equal in a Reſetvarory; 
one a Foot below the upper Surface of the Water, 
and the other 4 Foot, Gore will iſſue out of the 
latter twice as much Water in the ſame Time, ſince 
ir hath been proved; that Water will iſſue out of 
the latter twice as falt as the formet. 

From this it appears, that to determine hee Quan- 
tity of Water w ich muſt paſs thro' an Oren ef 
an Inch, fituated perpe pendler 7 it muſt necel wy 
be N how much: 1 the Surface of is 

| | ater 
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Water that ſupplies the running muſt be above the 
circular Inch. -71,* 5 
Here follow ſome Ex 


rr ene 
xperiments that have been 


made to determine that Height, and the Quantity 


of Water that iſſues out in a certain Time. 
FIRST EXPERIMENT. 


We made uſe of a Veſſel of Tin MB, (Fg. 63.) 
of 2 Foot long, and 10 Inches wide, with a ſquare Hole 
at C, about 16 Lines broad, whereto was applied a 
little Copper Plate, bored very exactly with a, circu- 
lar Hole of about an Inch Diameter; the Veſſel 
being ſituated ſo, that the Inch Hole was vertical, it 
was filled with Water above the Opening, ſhutting 
it with the Hand, and letting Water run from a 
Barrel F G, which was very near it, -in ſuch Quan- 
tity, that N the circular Opening C, the 
upper Surface of the Water in the Veſſel remained 
always about a Line above the Opening. 
Io make this Experiment very exactly, there 
was made a Hole or Paſſage in one Side of the Veſſel, 
asat L, a little higher than the circular Opening C. 
to ſerve for a Diſcharge of the ſuperfluous Water, 


whoſe Height was diminiſh'd at Pleaſure, by means of 


a little Plate of Tin, which was apply d with a very 
ſticking Cement of Wax and Turpentine. There was 
alſo applied another thin Nate of Tin, at one or two 
Inches Diſtance on one Side the Opening C, and 
one Line wanting; above it: It was parallel to the 
Water in the Veſſel; ſo that when the Water ex- 
tended it ſelf a little above it, as the Thickneſs of 
a quarter of a Line, we were certain that the upper 


Surface was near a Line higher than the Top of the 
pening C, and without that Contrivance, it would 
proye very hard to be aſſured of it; becauſe Water 


I com- 


/ 
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commonly makes a little concave Elevation of about 
two Lines high along the Bodies it touches, hen 
they are moilten'd,, by it; which, hinders one from 
obſerving exactly the Height of- the Sutface of the 
Water, in reſpect of the Opening C. There was 


28. — 


alſo in the Veſſel a croſs Piece of. Plate to receive | 


the Shock of the Water which fell from the Bar- 
fel into the Veſſel, that it might not cauſ; 
Waves; and that [croſs Piece reach'd down. ti 
within 3 Inches from the Bottom of the Veſſel, and 
was pierced in ſeveral. Places, that the Water might 
paſs thro freely. This being well diſpos d, th 

Opening was ſhut with the Hand, or otherwiſe; 
and the Veſſel fill'd ſo high, that the Water was 3 
or 4 Lines above the little Plate M, and. afterwards 
the Water was ſuffered to run at the ſame Time 
from; the Barrel or Reſervatory, and thro the Open 

ing; and if the Water of the Veſſel remained at 


the Height of 3 or 4 Lines, or if it mounted ſtill 


higher, the Diſcharger L was lower d a little, till 
there was but very little Water upon the little Plate 
M, as the Thickneſs of a quarter of a Line; and 
that it remain'd ſenſibly in that Poſition for ſome 
time. Then there was placed on a ſudden the Vel- 
ſel N, to receive the Water which iſſued out at the 
Opening C; and after having left it there preciſely 
30 Seconds, it was taken away ſuddenly, and the 
Quantity of Water that was in it meaſured. - . 

To mark the Time of the flowing out, we 
made uſe of a Pendulum of very fine Thread, at 
the End of which bung a Leaden Ball of 8 Lines 
Diameter: The Eength of the Thread from the 
Point of Suſpenſion to the Center of the Ball, was 
3 Foot 8 Lines. This Pendulum ſwung Seconds, 
which was confirmed, by comparing it with a very 
fxat Clock which mark d the Seconds. This Ex- 
12; periment 
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iment was repeated ſeveral Times, and it wa th 
nd chat there ran in 60 Seconds thro the Opening I d 
of an Inch, when the upper Surface of the Water 50 
in the Veſſel was 7 Lines higher than the Center ar lu 
the Opening, about 13 Pints ; (Paris Meaſure) each ſe 
Pint weighing 2 Pound wanting 7 Drachms. il 
In ͤ the Countries near the Equator, the Pendulum 
ſhould be ſhorter, becauſe the Motion of the Sur. 
face of the Earth is greater there than in France, 
Mr. Richer and Mr. Farin have made Obſervatiors 
—_— ; 'the firſt at Cayenne, where he found it 
Fhorter by 1 Line; ; and the other in the Iſle of 
Gorey, near Cape Verd, where it muſt be only 3 Foot 
5 Lines } : This Effect is demonſtrated in the follow: 
ing manner. AB CD (Eg. 64.) repreſents a Meridian 
ailing thro the Poles B C, and A E F is the Equi- 
 "neftial Line; GH MN is the Parallel of Paris: 
I you ſuppole the Motion of the Earth from Wef 
to Ezft, a Stone laid at the Point A, would fly of 
from the Earth in a Tangent; and becauſe the Point 
A would go as faſt, if rhe Attraction towards the 
Center K did not furmount that Motion, it would 
fly off from the Earth in the Line A I; but the At 
traction or Tendency towards the Center being 
ſtrongeſt, the Stone does not riſe ; but notwithſtand- 
ing it loſes ſome of its Tendency to move towards K. 
The ſame thing will happen to a Stone at the Point 
E; but its Tendency to move along the Tangent 
will be much weaker, becauſe the Point A moves 
much faſter than the Point I : Therefore it will leſs 
retard a Stone falling from G to K, the Center of 
the Earth; and even the oblique Situation of the lit 
tle Circle & M, as to the Line GK, may alſo alittle 
diminiſh the Hindrance towards the Center ; for 
GL, an oblique Line to K G, being equal to G O, 
the Point L will be nearer K, than the Point O. 8 
thele 
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theſe two Cauſes the Stone being looſed at I, will 
deſcend mort ſlowly towards A, than the Stone AL 
towards G : Therefore the Vibrations of the Pendu- 
lum will be metre ſlow at A than G; and con- 
ſequently ta make them Iſochraoml, the String of 
the Pendulum muſt be ſhorter at A than G. | 
It is evident, that. the fame Quantity of Water 
cannot be found in all the Experiments; and that 
there will be always ſome little Difference, fof ſe- 
yeral Cauſes, ui. That it is hard to begin to count 
the Seconds at the fame Inſtant that the Water be- 


preciſely at the End of the zoth Second; that ttie 
Hole out of which the Water iſſues is not perfectly 
perpendicular, or that it is not .exattly an Inch, or 
that the String of the Pendulum may be lengthned 
or contracted while the Experiment is making; or, 
finally, becauſe the Height of che Water may be a 
little more or -leſs in Height than a Line àt the 
little Plate M; all which Things hinder a preciſe 
Exattneſs ;- but between the greateſt and rhe leaſt 
Quamity, the Meaſure was found to be 13 Pints 3. 
If you have a Mind to know what Quantity of Wa- 
ter leſſer circular Openings give, as of 4 or 6 Lines 
Diameter; yon muſt place them fa, that their Cen- 
ters: be 7 Lines under the Surface of the Water 
in the Veſſel ; for if the Top of each ing 


was. placed dt a Line Diſtance fram the Surface, 


they would give much leſs Water than according to 
the Proportion of their Bigneſs; but if they are 
Placed ſo, that the Center ot their Holes be at the 


name Diſtance from the Surface of the Water, they 


will giwe Water very near according to the Propor- 
von. Here follow ſome Experimems that have been 


EXPE- 
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The Water was made to run ſeveral times from 
the ſame Veſſel thro an Opening of 6 Lines, whoſe 
Center was always at the Diſtance! of 7 Lines from 
the Surface of the Water during the running out; 
and there was found between the greateſt and the 
leaſt 15 Demi-ſeptiers, ¶ Quarterns) or Quarters. of 
a Pint, in a Minute, altho' the Surface of that 
Opening be not a quarter of a circular Inch; and 
that according to that Proportion, there ought not 
to run out in a Minute but the quarter of 13 Pints, 
according to the Fourth Rule of the Eguilibriun, by 
the Shock. This Difference is owing to ſeveral Cauſe, 
I. That altho the Water in the Veſſel ſtands at the 
Height of a Line above the Inch Hole, it does not 
remain near the Opening, but about the Third Part 
of a Line whilſt it is running out; which is eafily 
known by the particular Reflexion of Light which 
is made in that Place where the Water is lower than 
in the reſt of the Veſſel ; and its. being lower hap- 
pens, becauſe the Water which ſupplies the Place of 
that which. runs out, muſt come from the neigh- 
bouring Parts, as it has been already explain d; and 
as there is not h of it at Top near the Hole, 
it muſt needs almoſt all fink down to paſs, which 
diminiſhes ſome of the Force of the Preſſion of the 
Water, and retards the Swiftneſs of the flowing 
: ä COT Bail 
2. That ſince there comes but -a: little Water 
from the Top, there muſt in lieu of it come ſome 
from very far, to ſupply the Place of that which 
runs out, which alſo retards the Swiftneſs ; but the 
. ſame thing does not happen to the Hole of 6 Lines, 
becauſe fince that is to give but the Quarter of "= 
© 25 04% [f 
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the Inch Hole gives, and its Opening has the Height 
af 4 Lines of Water above it, there is no ſenfible 
ſinking; and confequently the Water is preſſed by 
theſe 4 Lines wholly ; beſides the Water which is to 

ply the Place of that which runs out, comes not 
o far, as when the Opening is of an Inch; and that 
the Top of the Water which is directly over the 
Inch Hole, may be 7 Lines higher than its Center 
it muſt be near 8 Lines high in the other Parts o 
ln iis 07 t een ee ee +! 
There is alſo another Cauſe, which is, That the 
Swiftneſs of the flowing out being in à ſubduplicate 
Ratio! of the Heights of the Water, as it has been 
already ſaid; if there be a Veſſel A B, (Eg. 65.) with 
an horizontal Hole made in it at the Bottom, as a hc d, 
nd another vertical one, as eg b, equal to one 
mother; n — el be rais'd 
preciſely to the Height e /, there: ought not to run 
out at the vertical Hole but the ; of the Water 
which runs out at that at the Bottom of the Veſſel 
in the ſame Time, if the Water is kept conſtantly 
at the Height E, which is thus provet. 

The Water which runs out at the Bottom of the 
rettical Hole e b, has its Sw¾iftneſs to that which 
runs out at L I, in a ſubduplicate Ratio of the 
Height e g, to the Height e L, and the ſame as to 
al the horizontal Diviſions that may be made in 
the Square e g h, at unequal Diffances 3- from 
whence it follows, that if the Velocity of the Water 
of the firſt Diviſion towards the Top be 1, or R I. 
the ſecond will be R 2, the third R 3, c. which 
is in the ſame Proportion as the Ordinates of a 
Parabola. Let A CD then be a Parabola, whoſe 
Baſe CD is alſo the Baſe of the Rectangle CDQP, 
and let the Axis A B be divided into ſeveral unequal 
Parts by the Lines EF, GH, IL. MN, &c. parallel 
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toBD, helsLines ſhall be the Ordinezet. But by the 
Property of this Figure, the Squares of the Ordinate 
are to one another, as the Ab/crſſe, or Segments of 
11 Axis chat anſwer to them, A E, AG, Al, 
M, &% and choſe l, ae to one anote 
25 the following Series, 1, 2, 3, 4; Cc. Therefore 
theſe Squares, will be alſo 10. one another, 
11 3, 4, Cc. and Tee O EE, RGH 
48 T M _ will be to one another, as R. 1, R. 2 
L 3, Rd Os Bur if you take all the Ordinats 
that. be drawn parallel to B D, (infinite in 
Number) for the Parabola, they will be to the in 
ite Lines that make up the Rectangle, as the 
arabola is to the Recangle; but the Triangle 
A D, which is half the Rectangle PQCD, i 
, the Parabola, as it hath been prov d by 4- 
chinedet; i the Triangle be 3, the Rectangle vil 
be, 8 the er 4, Arne therefore is the 
9, rhe 
T . mickaks Prog 
＋2 the Parabola, may, by Calculation, come ven 
near this Truth, by taking the Series of theſe 0r- 
ales in Numbers, and extrating their {tare 
Roots by Decimals; as in the following Table 
where the firſt Row marks the whole Numbers, the 
ſecond the Temhs, the third the Hundredrhs, Ct. 


Unite Texrh-Porte Hundredihs Thonſandis 
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I, 4. * 4. 
R. I. 7. 3. 2. 
R. 2. 1201 75 
R. 2. 2. 3. 6. 
R. 2. 4. 1 9. 
R. : 2, 6. 4. 5. 
R. a. 8. 2. 


8. 
R. 9. 
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N. 9. 18 3 1 AE” © 3 71 
N 10. 3. Hir. 6. 2. 
R. 11. 3. 53 3 ; 4. 6. 
R. 12. 3. 4. 0 0s! > 2.4 
R. 13. 3. 6. 0. „ 1 
R. 14. ? — 2e 8. 
R. 15. , 3. hangs 17.0 2. | 
R. 16. 4 12 mm 21 Hit 0 
LI. 4 17. . hs 
N. 18. 4 US +61 2. 
R. 19. 4. 3. S 3. 
R. 20. 4. 4. 7. , % 
R. 21. 4. 5. 1 2 
ea. 4 6. 9. 1. 
K. 23. 4. ads. 9. 2% 
N. cpa | 4. 8. 97. 9. 


But if you whe the Sum but from the 12 fl 
. A tis a little greater than 295 and 12 times 
the 12th Number; vis. 3, 18, wy hs Saen A Pros 
duct a little greater than 41 
tac Zum, which. is th fa d anc. X chan 
the z of that Product, which is a, Naben 
if you take that a the 24 Numbers, you 5 ar 
a little more than. 79 .for the 1 z and thg 
Product of the laſt 4, 15, 18, wh, by 24, is a little 
more than 117, of which 3 are 78. And thus the 
Sum of theſe 24 Numbers differs from the; of this 
Product but about an Unit; and you come nearer to i 
than when you take but the 12 firſt Numbers; andi 
you continue to increaſe the Table by a greater 
Number of Diviſions, the Difference of that Sum 
and the Product will continually diminifh, and you 
may oy Judge t that it will at laſt come t 
to the 3, 00 


It 
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It appears alſo, that if you take the 6 middle 
Numbers of the 12, they will exceed the Sum of the 
3 firſt and the- 3 laſt ; and that the Sum of -the ; 
firſt and the 6 laſt of the 24, will be leſs than the Sum 
of -the 12 middle ones, which ought neceſſarily to 
happen; and it is thus proved. 3 

The Sum of the Extremes of the Squares ef tle 
Numbers which are in arithmetical Progreſſion; is 
greater than the Sum of the Squares of the middle 
Numbers. As the Sum of Squares of 2 and of 8, which 
makes 68, is greater than 52, the Sum of the Squires 
of 4 and of 6 and the Overplus, is 16, produced hy 
the Square of the Difference, multiplied into the 
Number of the Terms of the Progreſhon. -Since 
then the Squares of the Ordinates of the Parabol 
are in an arithmetical Progreſfion, and that the Sum 

the Extremes are equal to the Sum of the middle 

umbers, it follows that their Roots are not in an 
arithmetrical Progreſſion; Atid that the firſt and the 
laſt added together, give à Sum leſs than the Addi 
tion of the middle Numbers; for if they were equal; 
the Sum ne of the Extremes Wold be 
greateſt; and beciuſe the — running Wa- 
ter follows the Velocities, it -follows, that if there 
he 8 Divſſions in the Square AB CD, (Fig. 76). the 
4 middle ones, which make the Rectangle EF GH, 
will give more Water than the 4 Extremes which 
are the 2 Rectangles A H, FD; and LMNO, 
which is half that Rectangle, and a quarter of the 
great Square, will give more than the quarter of all 
the Water that is given by the great Square. 
It happens then for this Reaſon, and on account 
of the Difficulty of the running, that a Hole of 6 
Lines ſquare, having Water 4 Lines above it, gives 
more than the quarter of the Water which is given 


by a ſquare Inch, which has but the Weight ay 
ine 
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Line of Water above it near the Hole. It is true 
that there is a little leſs Friction in Proportion, a- 
inſt the Sides of the great Hole, than againſt the 
ides of the little one, which gives a little Advan- 
tage to the great one; but the other Cauſes being 
more conſiderable, there always runs out more 
Water in Proportion thro” the leſſer Holes, till you 
come to two Lines in Diameter, than thro' the 
greateſt; which I found agreeable to Experiments. 

The ſame thing ought nearly to happen, and for 
the ſame Reaſons to circular Holes; that is to ſay, 
if in the great Circle A BCD (Fi. 68.) you take 
the little inward concentrick one E F, whoſe Dia> 
meter E F is equal to half of A C, and conſe- 

uently the Surface equal to a quarter of the Sur- 
ace of the great Circle, there will run thro' that 
Opening a little more than a quarter of that which 
will run-thro' the whole Opening A BCD; which 
was found to be agreeable to all Experiments in 
little Elevations of Water above the Hole, the 
great Circle having nearly always given 13 Pints in 
a Minute, and the little one always 15 Quatterns, 
2s it has been already ſaid. 

If it happens again, that if the little Opening 
thro' which the Water runs, is placed horizontally 
at the Bottom of the Veſſel, fo that the Water run3 
perpendicularly from the Top to the Bottom, there 
will run out more in the fame Time, than if in 
another Veſſel the Hole was vertical, and rhe Jer 
or Water-ſpout horizontal; although the Surface of 
the Water was as much above the Center of this 
laſt, as the Center of the other ; which proceeds 
from this, That the Water coming down from 
Top to the Bottom, accelerates its Velocity, and 
upon the account of its Viſcouſneſs, it draws along 
with it the Parts that are contiguous to it faſter, and 

even 
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even thoſe which are near the Opening within the 
Reſervatory ; and there will ſtill iſſue out leſs from 
a like Hole, if it be placed ſo as to make the Wa- 
ter ſpout up perpendicularly from the Bottom to 
the Top, as thro' the Opening C, becauſe the Wa- 
ter goes faſter at D than at E, fo that the loweſt 
Water is always a little retarded. c 

It has been found by ſeveral Experiments, that if 
there ran out 15 Pints in a certain Time by a Water- 
{pout, whoſe Hole was of 4 Lines in Diameter, 
which ran downwards, there iſſued out but about 
14, When it was made to ſpout upwards perpen- 
diculaily, tho' each Hole had the fame Height of 
Water above it ; and this happens particularly in 
the moderate Heights of Reſervatories ; for it they 
are of 20 or 30 Foot high, the Difference is much 
leſs ſenſible, becauſe the Water runs out ſo faſt from 
Top to Bottom in the Beginning, that it does not make 
any conſiderable Acceleration in the Water of the ſet, 
whichis beneath the Hole; becauſe a Drop of Water in 
falling acquires very little more Velocity, than that 
of the Water which runs out thro' a Hole, when 
the Surface of the Water of the Reſervatory is 30 
Foot above, as has been explain d at the End of the 
Third Edition of the Treatiſe concerning the Shock 
of Bodies, or Percuſſion. 

By all theſe Reaſons and Experiments it appears, 
that it is hard to determine what is an Inch of Wa- 
ter; and becauſe the Expences of Jets are commonly 
made by great Heights of Reſervatories, and by mo- 
derate Holes for A jutage, we ought therefore ra- 
ther to make an Eſtimate by Experiments of mode- 
rate Holes, as thoſe of 6 or 4 Lines, than by thoſe of 

an whole Inch. I have taken a Medium between 
theſe Different Experiments, as well for the h 


2 


7 


\ 


_ HypxoSrATICKS. 163 


of calculating, as to have a cettain Meaſute, and 
remove all Difficulties.  -. 6 2 N 
I here call an Inch of Water, the Water which 
funning for the Space of a Minute, gives 14 Pints i 
Paris Meaſure, of thoſe which are a little above the 1 
Brim, and which weigh 2 Pounds each. An Inch 
Hole will give this Quantity, if the Water is a Line 1 
above the Hole; but it muſt be 2 Lines higher / 1 
in the reſt of the Veſſel, that it may be preciſe _ * 
ly a Line higher above the Hole. As for the Holes 
of 6 Lines and under, it will ſuffice that Water in 
the Veſſel be 7 Lines above their Centers. 
This Meaſure, thus detetmin'd, is very uſeful for 
Calculation, becauſe in the Space of an Hour, an 
Inch will give 3 Paris Muids, or Barrels, and in 24 
Hours, 72 Barrels. Thoſe that are not acquainted 
with the Paris Meaſures, and who know what a 
Pound is, may eaſily make their Calculations ; 
whereas if they took for the Inch 13 Pints and i of 
thoſe which weigh 2 Pound wanting 7 Drams, it 
would give but 66 Barrels and 53 in 24 Hours; and 
theſe Fractions would give a great deal of Trouble, 
when we would defire to know the different Ex- 
nces of Water by different Ajutages, fix d to the 
ttom of different Heights of Reſervatories. To 
confirm this Rule, the following Experiment khach 
been made. | 


EXPERIMENT Ill. | 


We took a Veſſel containing a Cubic Foot, divided 1 
in Inches; only the Top of it was two Lines above 1 
the laſt Diviſion. Water was made to run into it by 
the Means of a Veſſel in which was a circular Hole of 
an Inch, as has been before deſcrib'd in Fig. 63. The 
little Plate M was 2 Lines 1 higher than the Top — 
2 t 
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the Hole, ſo that cloſe to rhe Top of the Hole, the 
Surface of the Water remained higher by a Line, 
when it was two Lines higher in the reſt of the 
Veſſel. This Cubic Foot was fill'd to the Top of 
the 12th Inch with Water, which ran into it in the 
Space of two Minutes and a half; from whence 
it follows, that the circular Holes ſo — — ve 
14 Pints, or 28 Pound of Water in a Minute, — 
it gave 35 Pints in two Minutes and a half. 

It may by theſe Means be eaſily known how many 
Inches of Water a moderate Spring, or 'a running 
Rivulet gives; for you need only receive the Water 
in any Veſſel that may be meaſur d, and that con- 
tains Water, by counting what Number of Minutes 
or Seconds you pleaſe: For Example, if you have 
received in a Veſſel 7 Pints in 30 Seconds, you may 
call that an Inch of Water; or ſay, that ſuch a 
Spring or Reſervatory gives an Inch of Water : If it 
gives 21 Pints in the ſame Time, you may ſay that 
it gives 3 Inches, and ſo in other Proportions. - 
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Of the Meaſure of (| pouting Waters, ac- | 
cording to the different Heights of the | 


Keſ ervatories. 


I T hath been proved, that the Quantities of Wa- 
I ter which iſſue out at equal Holes made below 
the Surface of the Water in Reſervatories of diffe- 5 
rent Heights, are to one another in a ſubduplicate 
Ratio of the Heights; but to confirm this Rule by 
Experiments, I have made ſeveral with great ExaQt- 
neſs; of which here follow the chief. 


"EXPERIMENT I. 


Dr PEN 


A Hole of 6 Lines, whoſe Center was 29 Lines 
below the Surface of the Water in the Vellel, gave 
in a Minute 8 Pints 5 of ſuch Pints as weigh but 2 
Found wanting 7 Drams : The Water ran horizon- 
g tally, as in the above-menrion'd Experiment, where 
the ſame Hole had irs Center 7 Lines below the Wa- 
ter in the Veſſel, and gave 15 Quarterns in a Minute. 
To compare theſe two Experiments according to the 
& Rule, you muſt take a Number. which is a Mean Pro- 
portional between 7 and 39, which is nearly 16 3, and 
to the three Numbers 7, 16 3, and 15, find the 4th 


M 3 Propor- 
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Proportional, which is nearly 35; 35 Quarterns; 
make 8 Pints 5, and conſequently theſe Expences of 


Water have been in a ſabduplicate Ratio of the 
Heights of the Reſervatories. 


EXPERIMENT II. 


A Pipe having its Height of 16 Inches, pave thro 
2 Hole of ſomething leſs than three Lines, made at 
the Bottom, thro' which the Water ran perpendicu- 
larly, two Pints and a half and about two Spoonfuls 
in 20 Seconds, always keeping the Water the Height 
of 16 Inches. We put alſo at the Bottom of ano- 
ther Pipe the ſame Plate, in which was the Hole of 
2 Lines : This ſecond Pipe had its Height of Water 
at 64 Inches, which is 4 times as high as the firſt of 
16 Inches, and conſequently it ought to give the 
double of 2 Pints; and 2 Spoonfuls, always keep- 
ing the Water at the Height of 64 Inches, which 
hath been proved by Experiments; for there ran 
out of the Pipe 5 Pints and abour 4 or 5 __ 
of Water in the fame Time, vig. 30 nds, 
This Experiment was made with great ExaCtneſs, 
and repeated 3 times. We alſo made ſome for 
Waters that ſpout up to the Height of 5 or 6 Feet, 
and we always found the fame ſubduplicate Ratio 
of the Heights of the Reſervatories. You may then 
rake the following Rule for a Truth. verry 


A RULE for Meaſuring ſpouting Waters. 


The Expences of Jets of Water which ſpout out 
at equal Holes, under different Elevations of Reſer- 
yatories, are to one another in a ſubduplicate Ratio 
of the Heights of the Surfaces of Water in the Re- 
ſervatories. To find eaſily by Calculation all the 
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Quantities of Water that Reſervatories give, of 
what Height ſoever, I have choſen a moderate 
Height, to which one may eaſily refer all others. 
This Height is 13 Feet; and I found by ſeveral 
very — Experiments, that a round Hole, whoſe 
Diameter is 3 Lines, being 13 Foot below the up- 
er Surface of the Water in a large Pipe, gave an 
nch; that is to ſay, there ran out of it during the 
Space of a Minute, 14 Pints Paris Meaſure, of thoſe 
which weigh two Pounds, 35 of which make a 
Cubic Foot. ny 
The Experiments were made after this manner. 
The Pipe (Fig. 46.) was bent towards the Bottom, 
and had a Reſervatory at C, which held about 20 
Pints: The Hole of 3 Lines was at the Point G; 
its Diameter was ſuch, that the two Points of a 
Pair of Compaſles which were open'd juſt three 
Lines, enter d it preciſely, without leaning on the 
Side, or leaving any Interval. D E F G was 
2 horizontal Line, in which was the Hole G; the 
Diſtance between D and C was 13 Foot, which was 
from the Surface of the Water in the Reſervatory 
to G; we meaſured 14 Pints in three Veſſels ; and 
we agreed to pour it out fo, that the Water ſhould 
always remain at a Mark B, made in the Side of 
the Reſervatory at the Height C; and when in pour- 
ing, the Water ſunk ſome Lines, we pour'd faſter 
till it paſs d the Mark by nearly as many Lines. 
We kept the Hole G ſhut with the Thumb, and 
put in Motion the Pendulum for Seconds: He that 
kept the Hole ſhut, began to open it at the Begin- 
ning of a Second, and counted the Seconds follow- 
ing, by ſaying, o, 1, 2, 3, Cc. Thoſe that pour d 
the Water, took care, that when we began to reckon, - 
the Water ſhould be preciſely at the Height of the 
Mark; and they left _ pouring between o, and 
4 the 
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the &gth Second. I made this Experiment after 
another Manner, to avoid the Doubt of the Inequali- 
ty of Water that was pour'd in; we pur 7 Pints 
in the Reſervatory from one Mark, as H, ſo as to 
fill it up to B; then 7 more from B to another, as 
L, at equal Diſtances from the Point B ; we kept 
the Hole ſhut till we began to count the Seconds; 
and we obſerved, that the Surface of the Water 
was at L. | 

It is eaſy to Judge, that during this running out, 
there was ſpent ſenſibly as much Water, as if it had 
always remained at the middle Height of B, of 
13 Foot; becauſe that if it went faſter at L, 
it went allo flower at H, in the ſame Propor- 
tion. | 

The Experiments which I made at great Heights, as 
35 Foot, gave about a 17th or an 18th leſs than ac- 
cording to the ſubduplicate Ratio gf 13 Foot to theſe 
theſe Heights, and thoſe that I made at the Heights of 
6 or 7 Feet, gave a little more; which proceeds from 
the Friction more or leſs againſt the Edge of the 
Hole of 3 Lines, and from the greater or leſſer 
Reſiſtance of the Air ; but as theſe Differences are 
very inconſiderable, Calculations may be preciſely 
made according to the Rule of the ſubduplicate 
Ratio. Here follows a Table of the Quantities 0 
Water given by Reſervatories of different Heights 
as far as 52 Foot, thro' an Ajutage of 3 Lines 
in Diameter, 


TABLE 
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TABLE E of the Expences of Water at different 
Heights of Reſervatories, thro an Ajutage of three 
Lines in Diameter, in a Minute, | | 


Heights of Reſervatories. Expences of Water, 


6 Feet 9 Pints 5 

9 Feet 11 Pints 3 
13 Feet 14 Pints 

18 Feet 16 Pints; 

25 Feet 19 Pints 3 

30 Feet 21 Pints 5 

40 Feet 24 Pints : 
52 Feet 28 Pints 


We make our Calculations in the following Man- 
ner. Let 2 Feet be the Height of the Reſerva- 
tory ; the Product of 2 by 13, is 26, whoſe 
ſquare Root is nearly 5 33 as 13 is to 5 B, ſo is 14 
Pints to 5 3, within a very little; from whence we 
conclude, that a Reſervatory of 2 Foot high, thro' 
an Hole of 3 Lines, will give 5 Pints and 4 in a 
Minute. | | 

If the Height was 45 Foot, we might take the 
ſquare Root of 585, the Product of 13 by 45. This 
Root is nearly 24 13; therefore as 13 is to 24 n, ſo is 
14 to 26; by which we know that a Reſervatory of 
45 Feet, thro' an Opening of 3 Lines, would give 
26 Pints in a Minute. 

If you apply a narrow perpendicular Pipe to a 
large Reſervatory, it will give more Water than if 
the 5 7 was away, and there was only at the Bot- 
tom of the Reſervatory a Hole equal to the Openin 


of the Pipe. Here follow ſome Experiments that 
have made relating to it, 


AB 
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ABCD (Eg. 70.) was a Reſervatory of a Foot 
broad, and a Foot high; we fix'd at the Hole Ea 
Glaſs Pipe of 3 Foot, of 3 Lines Bore towards the 
Top, and 3 Lines ; towards the Bottom F. If there 
had been nothing but a Hole of 3 Lines at E, with- 
out a Pipe, it would have given in 60 Seconds a 
little leſs than 4 Pints, according to the aboveſaid 
Rules; and if it had been equally broad all over, 
as A B, the Height GE being of 4 Foot, and the 
Hole E being of 3 Lines, it would have given about 
8 Pints; by the ſame Rules; but the Pipe being 
on, it gave only according to the mean Proportion be- 
tween 4 Pintsand 8 Pints 3. The Reaſon why it gives 
more than by a Hole of 3 Lines at F, proceeds from 
the Acceleration which is made of the Water running 
thro' the Pipe, which would increaſe according to 
the odd Numbers, if there was only the Pipe; but 
the Water is retained by that which is in the Re- 
ſervatory, which diminiſhes that Acceleration, be- 
cauſe ir can't be ſeparated from it; but alſo, that 
which is in the Pipe makes that which is in the Re- 
ſervatory follow farther than it would if the Pipe 
was not added ; and by theſe Means, there is made 
a middle Swiftneſs of running out, which alters ac. 
— to the Length and Breadth of the little 

ipes. | 
| obſerved in theſe Experiments, that the Pipe 
being unequally wide at the two Ends, as in this, 
which was 3 Lines wide at one End, and 3 at the 
other ; it gave always the ſame Quantity, put which 
End you would into the Hole E; the Reaſon of 
which was, that all the Water emptied it ſelf al- 
ways in the ſame Time, the Pipe being full from 
one End to the other. 

I made Juſt ſuch another Experiment, having ſol- 


der d a Pipe of 6 Foot long, and an Inch Bore - = 
lole 
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Hole E of a Veſſel which was a Cubic Foot ; which 
being fill'd with Water when the Pipe was on, 
emptied ir ſelf in 37 Seconds; the Pipe being cut off 
at the Middle H, emptied it ſelf in 45; and be- 
ing cut oft at the Top E, it was 95 Seconds in run- 
ning out; from which it appears, that the Length 
of the Pipe gives more Acceleration. 

Another Veſſel in which the Water was 4 Inches 
above the Hole E, which was 4 Lines over, and where 
the Pipe EF ran in when it was two Foot high, 
gave 12 Meaſures and a half of thoſe of which it 
would have given bur 8 and a half, at the Height of 
4 Inches; and if the Veſſel had been down to F, it 
would have given 18 and a half; ſo it is a mean 
Proportion; which proceeds from the Acceleration of 
Water which always fills the Pipe, and makes the 
Water deſcend faſter at E, but not fo faſt as if the 
Veſſel was 28 Inches high. We found thefe 8 and 
a half, when the Pipe was bug an Inch high, becauſe 
then there was but very little Acceleration. Ano- 
ther Pipe of 4 Foot had almoſt the ſame Effect; it 
was of 4 Lines at one End, and 4 and a half at the 
other. It was fix d to the Hole E, according to the 
two Poſitions, and gave the ſame Quantity of Water; 
only it ſeemed, that when that End which was of 4 
Lines was at E, and that of 4 and a half at F, there 
ran out 3 or 4 Spoonfuls more. 

But having applied a narrow Pipe of 2 Foot and 
a half long, and; of a Line in Bore, there did not 
go ; more when the Pipe was of its full Length, than 
when it was only of an Inch long; which proceeds 
from the Friction of the long narrow Pipe, which 
hinders the Water from accelerating its Velocity in 
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Dis cou s E III. 


of (the Meaſure of ſpouting Water thro 
Ajutages of different Bores. 


| E have ſhewn in the Third Diſcourſe of the 

Second Part, that Waters which ſpouted 
with equal Velocities thro' different Holes, balanced 
by their Shock, Weights which were to one another 
in a duplicate Ratio of the Diameters of the Holes, 
We may ſay the ſame thing in reſpect to the Ex- 
pence of the Water iſſuing thro' different AJurages, 
below Reſervatories of equal Heights ; namely, that 
the Expence of the Water is according to the dupli- 
cate Ratio of the Diameters of the Holes : The De- 
monſtration is made in this manner. 


DEMONSTRATION. 


AB (bg. 71.) is a Plane with a round Hole bor d 
in it at e; CD is another Plane, bor d with ano- 
ther Hole, tho leſs, at g h; I L is a Cylinder paſ- 
{ing entirely thro* the Hole e f in a certain Time, as 
in 2 Seconds, according to an uniform Velocity; 
MN is another Cylinder of the fame Length, but 
the Baſe much leſs, which alſo paſſes entirely thro 
the Hole g h in two Seconds: It is manifeſt, that f 
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he Diameter E F, of the Cylinder I L, which is 
anal to that of the Hole, be double the Diameter 
þ g b, the great Cylinder will be four times as 
big as the other, ſince they are to one another as 
their Baſes, each of which is ſuppoſed to be equal 
to the Hole thro' which they paſs : Now fince they 
thave' the fame Velocity, when the Half of the 
great Cylinder is paſs d through, the Half of the little 
one will be alſo gone thro'; and that which has paſs'd 
of the one and the other will always be in the ſame 
Proportion of 4 to 1: Then if we ſuppoſe theſe 
Cylinders to be Water-ſpouts that have the ſame Velo- 
city, there will always ſpout 4 times as much Wa- 
ter from the great Hole, as from the little one, 
which is in a duplicate Proportion of the Diameters 
of the Holes; and juſt fo with reſpe& of other 
Proportions: To confirm this Maxim, we have made 
the following Experiments. £5 


EXPERIMENT. I 


A Reſervatory or Ciſtern 12 Foot 4 Inches deep, 
yielded thro an Hole of exactly 3 Lines Diameter, 
14 Pints in 61 Seconds 5, if continually full; and 
thro' an Hole of exactly 6 Lines, it will yield the 
fime Quantity in 15 Seconds , which is almoſt ac- 
cording to the duplicate Proportion of the Diameter; 
for it would have yielded 56 Pints + in about the 
Time of 62 Seconds. 


EXPERIMENT IL 


A Reſervatory of 24 Foot 5 Inches deep, yielded 
thro' the ſame Hole of 3 Lines, 14 Pints in 44 Se- 
conds :, and another time in 45; and the Hole of 
6 Lines yielded rhe ſame Quantity in 11 and almoſt 


I 
a 73; 
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a +; and having repeated the Experiment, ir 
ielded it in 11 Seconds preciſely. From theſe tuo 
Experiments, and from ſeveral others, not unlike 
the former, which I made in different Reſervato. 
ties; as from 5 Foot high to 27, I found that the 
different Holes always yielded Water ſenſibly, ang 
very near according to the Proportion of their 


- Surfaces. 
RULE for the Expence of ſpouting Waters 


Water-ſpouts thro' different Holes, fix d at the 
Bottom of Reſervatories of equal Heights, yield 
Water according to the Proportion of the Holes, ot 
in 5 Duplicate Ratio of the Diameters of the 
Holes. | 


A TABLE of the Expence of Water in « 
Minute, by different round Ajutages, the Water 
of the Reſervatory being 13 Foot high above the 
Ajutage, or ſpouting Pipe. | 


Diameter. Expence. 
By an Ajutage of 1 Line 1 Pint 17 
By 2 Lines 6 Pints - 
By 3 Lines 16s 
By 4 Lines 25 Pints very near 

By 5 Lines | 39 Pints 
By 6 Lines 56 Pints 
By 7 Lines 765 
By 8 Lines 110 7 

By 9 Lines 126 
By 12 Lines 224 Pints 


<< 2: 42 Oy 
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If any one calculates the Inches, he will find 
that an Hole of 3 Lines will give an Inch, 6 Lines 
4 Inches, and 12 Lines 16 Inches. 

There are ſome Cauſes that prove a Hindrance to 
the ExaQtneſs of theſe Rules; for, very often, the 

t Holes give a little more in Proportion than the 
aller ones, and ſometimes leſs ; ſometimes the 
greateſt Heights give a little more than in a dupli- 
cate Proportion, and ſometimes a little leſs : For 
Confirmation of which, I have made the following 
Experiments. 


EXPERIMENT III. 


I took a Pipe of half a Foot Diameter, and about 
6 Foot high, having a Reſervatory at the Top, which 
contain'd about 12 Pints ; I put the ſame Plate at 
the Bottom that had ſerv d in the firſt Experiments, 
with a Hole bor'd in it of 12 Lines, and another of 
4 in the ſame Bottom. The Hole of 12 Lines was 
about an Inch diſtant from the Side of the Baſe, and 
that of 4 Inches the ſame Diſtance ; I put a great 
Veſſel below, where there was a Separation that di- 


. vided it unequally ; (This Veſſel muſt be fo contriv'd, 


that the Water which runs thro' the Hole of 4 Lines, 
may enter into the little Separation and that which runs 
thro” the Inch Hole, runs into the other: ) One may 
let the two Holes ſpout at once, provided the Pipe 
be full, and that the Veſſel which was put there to 
receive it, be taken away ſuddenly; ſo that both Holes 
may ceaſe to run into it in the fame Inſtant of Time. 
We ſhall always find that the great Hole, which, ac- 
cording to the Second Rule, ought to give 9 times as 
much as the little one, will give but 8 times as much, 
and with ſomething more Diſadvantage in other Ex- 
periments, The Cauſe of this Effect, is the ſame with 
that which I have mention'd before, viz. That Wa- 

| ter 
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ter does not ſpout from the great Hole with ſuch 
Facility as it does from the little one; for ſince the 
great one ought to yield 9 times as much Water, 
the Water which ſucceeds that that runs out, muſt 
come from the Circumference of about a Foot; and 
the Diſtance of one Side of the Pipe was but an Inch, 
and the fartheſt only from 4 Inches; which retarded 
the running, the ſuperior Water not being able to 
flow with that Velocity that was neceſſary; where; 
for the little Hole, the Diſtance of an Inch on all 
Sides was ſufficient to furnith the Expence of Water 
falt enough; and this Difference made this 9th of 
Difference in the Quantity of the expended Water, 
as in the Experiment of the Inch, the Center of 
which was lower than the Surface of the Water of 
7 Lines, which gave but 13 Pints + ; whereas the 
Hole of 6 Lines gave one fourth Part of 15 Pints, 
its Center being at the ſame Diſtance of 7 Lines 
from the ſuperior Surface of the Water. 


EXPERIMENT IV. 


To remove this Difficulty of running, we made 
ſeveral Experiments in a Veſlel whoſe Bottom was 
large enough to make a Hole of an Inch, ar a Foot 
from the neareſt Side, and we made a little Hole 
about a Foot diſtant from the great one. The Ex- 
periment being made with the ſame Veſlel, where 
there was a Separation, we always found that the 
great Hole gave 9 times more than the little one; 
for it wanted ſometimes -+ of it, and ſomerimes =, 
that is to ſay, if the little one gave a Pint, the 
great one gave 8 Pints and a half, or 8 Pints *; we 
meaſured the two Holes very exactly again, and found 
that that of an Inch was ſomething more in Diame- 


ter proportionably than that of 4 Lines, at leaſt we 
were 
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were aſſured, that it was not leſs than barely. an 
Inch, and conſequently that the Defect of the Quan- 
tity of Water that it ought to give, did not proceed 
3 this Cauſe. In the Experiments that we made 
ſeparately with different Holes, the great ones gave 
commonly more in Proportion than the little ones : 
There + are Three Cauſes that may contribute to this 
The frlt ! is, That there is more FriQiag in Pro- 

rtioa in the little Holes, than in the great , ones, 
Pr the Circumference of the different Holes are to 
one another but in the Proportion of their Diame- 
ters; whereas the Water that they yield. are in a 
duplicate Proportion of the ſaid Diameters. Now 
if we ſuppoſe that the Water, by reaſon of its 
Viſcouſneſs or Tenacity, ſticks 2 little to the Sides 
of the Holes, we muſt for that Reaſon reckon that 
we leſſen, in ſome meaſure, the Largeneſs of the 
Diameters : For Example, in a Hole of 3 Lines, we 
may reckon it leſſen d >: of a Line; therefore in 2 
Hole of half an Inch, altho' the Square of 6; be 
four times the Square of 3, and that the round 
Holes are to one another as the Squares, the Sides 
of which are equal to the Diameters of the. Circles, 
nevertheleſs the Circumference of the Hole that has 
6 Lines for its Diameter, will be only the fouble of 
that which has 3 Lines; "wherefore ſuch a Hole can 
be ſuppos'd to be leſſen'd but a 5th, or for this 
Impediment; from whence we perceive that Jets 
with large Holes are nor fo eafily ſtopp d ot retarded 
as thoſe with ſmall ones, and give more Water in 
Proportion to their Diameters. 

The Second Cauſe is, that a little Thread of Wa- 
ter finds more Reſiſtance in the Air ar irs coming 


out, than a 7 Jets 5. A5 it e in little Bullets 
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that do not go ſo far as the great ones, altho' they 
go at the fame Time out of the ſame Muſket. 

The Third Cauſe is the greater Impulſe of Water 
that is pour'd in to ſupply the ſpouting of the 
great Holes. For to * Reſervatory full where 
the Water runs thro' a Hole but of 4 Lines, it is 
ſufficient to pour in Water very ſoftly, and with a 
little Veſſel ; but when the Jet is of an Inch Bore, 
you muſt pour in Paik full at a time, and very faſt ; 
which gives an Impulſe to the Water, and makes it 
go faſter than if it had only the Weight of the Water 
to preſs upon it. The Experiment was made by 
2 horizontally an Hole one Inch in Height, 
and four in Length ; for in 36 Seconds and =, it 
gave a Quantity of Water which it oughtto have given 
only in a quarter of 154 Seconds; namely, in 38 , 
which proceeded from the Water's being pour d in 
with great Force, to ſupply that which went out; 
and even when the Reſervatories are not kept full, 
the Water deſcends much faſter thro* a Pipe of 3 or 
4 Inches Diameter, when the Jet is large, than when 
it is ſmall ; which neceſſarily increaſes the Velocity 
of the Water at its going out. 
- Theſe three Cauſes together are ſometimes a little 
more powerful than the bare Difficulty of the Wa- 
ter's Paſſage; and ſometimes they only equal it, 
when the Experiments are made ſeparately thro 
different Holes. 

I made theſe following Experiments concern- 
ing it, with an Hole of 3 Lines, and one of 6 

ines : 


EXPERIMENT I. 
The Hole of 3 Lines having its Reſervatory 5 


Foot and a half high, gave 14 Pints, of 2 Pound 
2 Weight 


* 


— 
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Weight each, in 93 Seconds ; and the Hole of 4 
Lines gave them in 23 Seconds, inſtead of 23 3. 


EXPERIMENT II. 


A Reſervatory a little more than 24 Foot high, 
thro' a Hole of 3 Lines, gave 14 Pints in 44 Se- 
conds and a half; and thro 6 Lines, gave the ſame 
Quantity in 11 Seconds, the Water in the Reſerva- 
tory being continued at its firſt Height. 


EXPERIMENT III. 


From a Height of 12 Foot -, the Hole of 3 Lines 
gave 14 moderate Pints in 61 Seconds +, keeping 
the Reſervatory {till full, and thro' the Hole of 6 
Lines, it gave the ſame Quantity in 15 *. 


EXPERIMENT IV. 


I plac'd a Mark in the Ciſtetn or Reſervatory that 
was at the Top of the Pipe, higher than that which 
mark d the 12 Foot 4 Inches; and another lower, 
at an equal Diſtance from it, that letting the Water 
run from the upper Mark to the lower, it might 
produce the ſame Effect as if it had been kept full 

to 12 Foot 4 Inches: There entted 13 Pints and - in 
the Reſervatory, from the lower Mark to tlie higher; 
they paſs d off thro 3 Lins in 58 Seconds; and 
thro 6 Lines in 15, inſtead of 14 -- 


EXPERIMENT V. 


The Reſervatory being 24 Foot 3 Inches high, 
and at the middle Mark, thro' the 3 Lines, gave 14 
Pints in 44 Seconds : ; and thro' the 6 Lines, gave 

N 2 the 
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the ſame Quantity in 12 =, pretty near; and in let- 
ting the 13 Pints -. paſs from the higher Mark, that 
Quantity went out thro the 3 Lines in 42 Seconds, 
and in 10 = thro' the 6 Lines: This laſt Experi- 
ment makes the Proportions equal, as well as the 
Second. — 2 

found pretty near the ſame Effect from a Reſer- 
vatory of 35 Foot. | | 

By theſe different Experiments, you ſee that the 
Second Rule may be follow'd, without Fear of any 
conſiderable Error; and that contrary Caules always 
make a pretry juſt Compenſation when the Experi- 
ments are made. | 1 

Wich reſpect to the ſubduplicate Ratio of the 
Heights of the Reſervarories, there are twa Cauſes 
that d\miniſh it, and two that increaſe it. 

Thoſe that diminiſh ir are, That the Air refiſts 
more in Proportion to a great Velocity, than a ſmall 
one; and that the Friction is greater againſt the 
Sides of the Ajutage. 

Thoſe that increaſe it, are the ſame that ſome- 
times cauſe great Holes to give more Water in Pro- 


portion than little ones; namely, becauſe you muſt 


pour Water with greater Force to keep Reſervatories 
full at a great Height than at a little one, and the 
Water deſcends faſter when you let it run out. 
Theſe Cauſes compenſate one another pretty 
exactly; but it molt commonly happens, that there 
is a little leſs than a ſubduplicate Ratio in the great 
Heights; but when the Experiments are made at the 
ſame time, from the ſime Reſervatory, great Holes 
always give leſs in Proportion than little ones. 


Toricel/i, in his little Treatiſe of the Motion of 


Water, has demonſtrated, thar if the Reſervatory 
ABCD has a little Hole of 4 or 5 Lines at the 
Bottom at F (Fig. 72); and the Water being at the 
| „ Height 
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Height of the Line A B, may run out in 10 Minutes, 
without pouring in any more, in its Deſcent it will 
paſs thro' unequal Spaces in equal Times; ſo that 
if you divide the Line B C into 100 equal Parts, 
during the firſt of theſe Minutes, it will deſcend 19 
of theſe Parts, during the ſecond 17, during the 
third 15, Cc. and ſo according to a Series of odd 
Numbers down to an Unit; ſo that the laſt Part will 
go out in the laſt of the 10 Minutes. The Reaſon of 
this Effect is founded upon the firſt Reaſon, before 
explain'd, that the Velocities of running Water are 
in a ſubduplicate Ratio of their Heights, and conſe- 
quently that they are to each other as the Ordinates 
of a Parabola A B C, beginning at the greateſt 
AB, and ending at the Point C; which cauſes the 
Spaces, paſs'd thro' in the ſame time by the Surface 
of the Water AB, to be as the Series of odd Num- 
bers, beginning at the greateſt. 

Thence you may draw this Conſequence, That if 
you meaſure the Quantity of Water contain'd in the 
Reſervatory to the Line A B, and it runs out in 10 
Minutes, twice as much will run out in the ſame 
time, if you keep the Reſervatory always full, to 
the Height AB; which proceeds from this, That if 
a Dropof Water fell in a certain Time from B to C, 
and continued its Velocity acquired at the Point C, 
without increaſing or diminiſhing it, it would in 
the ſame Time paſs thro a Space double to B C: 
Now the Water that goes out at firſt thro' the Hole 
E, has a Velocity equal to that which the fallin 
Drop would have acquir'd at the Point C; and al 
the Water that goes out, has always the ſame Velo- 
city, if the Reſervatory continues full; wherefore 
twice as much will go out in the 10 Minutes, as 

would go out were it ſuffer d to run of it ſelf, with- 
| N 3 Out 
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out any Addition to it; and in 5 Minutes, as much 
as the Contents of the Reſervatory. 

But the fame thing does nor happen, when this 
Pipe is but half a Foot wide, and 2 or 3 Foot high, 
as the Pipe AB CD (Eg. 73.) having the Hole K of 
6 Lines; for the Velocity of the deſcending Water 
gives an Impulſe to that that goes out; which, join d 
to the Weight of the Water, makes it go faſter than 
it does when it deſcends very flowly, this Pipe being 
= wide. 

found ſeveral times, that if the Water of it ſelf 
ran entirely out of ſuch a Reſervatory in 4 Minutes, 
leſs Water by z would go out in two Minutes when 
the Reſervatory was kept full; and if this Pipe con- 
taind 24 Pints, and they ran out in 4 Minutes, 
when it was kept full, there went out but 20 Pints 
during the Space of 2 Minutes ; and to give 24 
Pints, 2 Minutes and 24 Seconds were required: 
This Defect is occaſion d likewiſe by the Jer's being 
more retarded by the Friction, and by the Reſiſtance 
of the Air in Proportion, when it is faſt, than when 
it is low, as was before explain d; and thus it is 
always equally retarded by theſe two Cauſes, when 
the Pipe is kept full; bur it is much leſs ſo when 
the Water is no higher than L M, and ſtill lefs 
when it is fallen as low as F G. 
Tris true, if there he a Turning in the Water, as 
there often happens, then the Courſe of the Water 
will be retarded, and may compenſate the Effeft of 
the Acceleration : This Turning happens when the 
Hole is not in the ſame Plane, and the Water runs 
out a little fideways in one Place. 

In the laſt Experiment that I made upon this Sub- 
ject, the Water was 10 Inches high above a Hole of 
4 Lines, which was made within the Bottom of the 
Pail ; On one fide of the Hole, at the ſame 1 
„  _ 
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I plac'd a Stick on which were mark d 10 Inches divi- 

ded into 36 Parts, and the whole into 6 Diviſions, of 

which the »firſt near the Hole had one of theſe Parts; 
| the Second 3, the Third 5, the Fourth 7, the Fifth 
9, and the Sixth 11; the Firſt Diviſion at the Top 
ran out in 39 Seconds, the Two following the ſame; 
the Fourth in about 36 Seconds, and each of the other 
Two till in leſs, tho' the Water then had a Turn- 
ing, which proceeded from the Acceleration of the 
Water when it was come out of the Hole. The ſame 
Proportion is leſs obſerv d when the Hole is very 
great in Proportion to the Height, as when its 
Diameter is equal to the fourth or fifth Part of 
that of the Baſe of the Cylinder AB C D (Fig. 73.) 
for the Water will run our in great Abundance, and 

_ conſequently will very much accelerate its Velocity 
in falling, and impell that that goes out ſo ſtrongly, 
that altho its Weight be then leſs than when it 
was at the Height A B, the Impulſe will over- 
come this Detect, and more Water will go out 
tho' the Hole K, when the upper Surface is got 
to H I or L M, than there did when it was at 
AB. This Truth will eafily appear, if you conſi- 
der that when the Pipe is all open, the upper 
Surface of the Water deſcends in equal Times, 
according to the Series of the odd Numbers 11, 
9, 7, 5, 3, 1, Cc. And when tlie Pipe is very 
wide and the Hole very ſmall, it deſcends ac- 
cord ing to the Numbers 7, 9, 7, 5, 3; and it ne- 
ceſſarily follows that the Heights, the Diameters, 
and Holes of the Pipes may be ſo proportion d 
that you may give what Modification of Velo- 
city you pleaſe to the Water that goes out, that is 
to ſay, you may make the Two. Halves paſs out in 
Two equal Times, and the Third Part towards 
the Bottom run out in a Time Thrice leſs than 
Et Sh N 4 3 
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the reſt, and ſo of the other Parts; but when the 


Water is fallen pretty low as to F G, it will no 
longer accelerate, but always diminiſh its Velocity, 
for then the Compreſſion will be diminiſh'd more 


than half, and the Acceleration will neceſſarily 


ceaſe, and it will continue diminiſhing to the End. 
J found by an Experiment made with ' a Glaſs 
Tube 5 Foot high, and 10 Lines in Diameter, 


that had a Hole of 2 Lines, and was divided in- 
to 5 Pars, that the Firſt ran out in 7 Spaces 
of Time, the Second in 6, the Third in 6, the 
Fourth in 7 pretty near, and the reſt ſtill dimi- 


niſhing : Whence it follows that in ſuch a Tube, 
there are Two different Places, one towards the 
Top, and the other toward the Middle of the 


Tube, where the Water deſcends with the ſame 


Velocity ; whence you fee, that 'tis impoſſible that 
the Water ſhou'd deſcend uniformly, the whole 
Length of the Cylindric Veſlels, what Heights, 
Diameters, and Holes or Ajutages ſoever they have; 
for if the Weight which it has at H I, Joined to 
the Impulſe of its Velocity, makes it go. out with 
a determinate Velocity thro' K; the Impulſe of 
the ſame Velocity, if it be continued, joined to 
the Weight which it has at L M, which will be 
leſs, will make it go out leſs faſt, and conſequently 
the upper Surface of the Water will not deſcend 
ſo faſt at LM as at IK; whence it follows, that 
if the * Surface of the Water diminiſhes its 
Velocity from the Beginning, it will always dimi- 


niſh it to the End. 

Thence you may judge in what Time a Bar- 
rel, or other Veſſel, will empty it lf, letting 
it run thro' a Hole of a determinate Bore : For 
let AB CD (Fig. 74.) be a Paris Muid or Barrel 
plac d on one End, having a Hole at 4 _ - 

| 5 " the 
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E, the common Height of the Wine betwixt the 
Bottoms, Which is 30 Inches or 2 Foot and a 
half multiplied by 13 Foot, makes 323 whoſe Root 
is 5 and 4 nearly; and as 13 is to 5 6, ſo is 
14 to 6 ; Pretty near: Therefore if the Hole E 
were 3 Lines in Diameter, -6 Pints + would go 
out in a Minute, the Barrel being kept full; 
but being of 4 Lines, the Surfaces of theſe Holes 
are as 9 to 16; then as 9 is to 16, ſo is 62 
to 10 J, that is, almoſt to 11; and if 11 Pints are 
given me in a Minute, in what Time ſhall 1 
have 280; you will find in about 25 Minutes 
and a half, keeping the Veſſel ſtill full. Therefore 
by what has been faid before, the double of this Time 
will be requird, namely 51 Minutes for it to run 
quite out : Since the Hole will be very ſmall in 
proportion to the Largeneſs of the Veſſel, the 
Swellings A GD, and BF C, will make no con- 
fiderable Difference in the Calculation. 
It is proper enough in this Place to reſolve a a 
pretty curious Problem which Torice/ly has not 
undertaken to reſolve, tho' he propos'd it ; this 
Problem is to find a Veſſel of ſuch a Figure that 
being pierc'd at the Bottom with a ſmall Hole 
the Water ſhould go our, irs upper Surface deſcend- 
ing from equal Heights in equal Times. If in the 
Conoidal Figure (Fg. 75.) BL is to B N, as the 
Square ſquared of L M is to the Square ſquared of 
NO; and B N to B H, as the Square ſquar'd of 
NO, to the Square ſquar'd of HK, and ſo on; the 
Water will deſcend from A D C unitormly, till it 
comes to the Hole at B; for let B P be the mean 
Proportional betwixt B D and B H; fince the Square 
ſquared of KH and of D C, are to each other as the 
Heights B H, BD ; the Squares of HK, D C, will 
bein a ſuoduplicate Ratio of BH to BD, or as the 
Heights 
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Heights B P, B D; but the Velocity of the Water 
that goes out at B by reaſon of the Preſſure of 
the Height B D, is to the Velocity of that that goes 
out by reaſon of the Preſſure of the Height B H, 
in a Subduplicate Ratio of B D to B H, that is to 
fay as BP to BD, therefore the Velocity of the 
Water deſcending from H is to the Velocity of the 
Water deſcending from D, as the Square of H K 
to the Square of D C; but the Circular Surface of 
the Water at H is to the circular Sutface of che 
Water at D, as the Square of H K to the Square 
of DC, therefore they will deſcend and run out ons 
as aſt as the other; and if the Surface A D C, runs 
out in a Second, the Surface G H K will run out 
likewiſe in a Second, ſince the Quantities are as 
the Velocities. The ſame Thing will n to 
the other Surfaces at E and F, &'c. But the Hole at 
B muſt be very ſmall, that no conſiderable Acceleration 
may be made, and that the Water may not go out 
thro the Hole ſenfiblv, but in proportion to its 
Weight. Such a Veſſel may ſerve for a Clepfydra 
or Water-Clock. | 


The Explanation of it in Numbers. 


Let D B be 16, and BI I; the Square ſquard 
of I R will be one, if the Square ſquared of D C 
be 16, and conſequently D C will be 2 if I R be 
one. Let B H be a mean Proportional betwixt Bl, 
and B D, which conſequently will be 4. The Ve- 
locity by reaſon of the Weight I B will be 4, if 
the Velocity by reaſon of the Weight D B be 16; 
but the Circle or Surface I R will be 1, and the 
Circle D C be 4 ; therefore theſe Quantities will 
be as their Velocities, and conſequently the Cir- 
cles or Surfaces D C, and I R will run out in 
the ſame Time; and if the Surface IR r bias 
So, 1 co 
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Second of Time to run out ; Four times as much 
will run out in the ſame Time, by a Quadruple Ve- 
locity, namely, the Surface D C, fince that is the 
Quadruple of the other. The ſame Proportion will 
be found in all the other Surfaces that compoſe the 
whole of the Water, or in the Solids, whoſe 
Thickneſs is indefinitely little. You ſuppoſe in 
all theſe Experiments, that there is no Turning, or 
Circular Motion in the Water; nor any little Pit, 
as there is in Funnels, when they empty themſelves. 
R UK 

If there be 2 Tubes, AB, CD, of equal Height 
zn unequal Bores, (Eg. 76.) (whatever that In- 
equality be,) and the Water goes out at the Bot- 
tom of them thro equal Holes; there will go ort 
no more Water from the narrow Tube than from 
the large one, if you keep them full; provided 
that the Tube with the leaſt Bore hath its Diame- 
tet about 4 times as large as the Hole which the 
Water goes out at, and that the Water hath no 
Circular Motion in the Tubes: For the Water go- 
jng out thro' equal Holes, will raiſe equal Weights 
by that which hath been faid above; it will go 
then as faſt thro? the one as the other, and conſe- 


quently there will go out as much Water from it in 
the ſame time. | 


If there be then a Reſervatory of an 100 Foot Dia- 
meter, and one of 1 Foot, and that they be of 
equal Height, and bor'd at the Bottom, or at the 
Side, with equal Holes at the ſame Height under the 
Surface of the Water ; there will go out as much 
from the one as from the other, in the ſame time. 

A Queſtion may be aſk'd here; vig. If one 
has 2 Tubes of an Inch Bore, and unequal in 
Height, (for Example, one of 5 Foot, and 9 


1 
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of 10) and that they be both fill'd with Water; 
whether one will give as much Water as the other 
at the ſame Time ? The Anſwer is, That they will 
ſenfibly give as much one as the other at the ſame 
Time ; becauſe the Water in both falls equally 
faſt, as 2 unequal Cylinders of the ſame Matter in 
the Beginning of their Fall ; Becauſe the Air does 
but little reſiſt either of them; and that they acce- 
lerate ſenfibly after the ſame manner, according to 
the odd Numbers. If then there goes out 6 
Foot of Water at a certain Time from the one, 
there will go our as much from the other. But if 
the Hole of the great Tube be leflen'd to 4 Lines 
to its Bore, it will give more Water in the firſt 
Quarter of a Second, than if it was all open. This 
is the Calculation of it : | 
The Product of 13 by 52 is 676, whoſe Root 
is. 26; as 13 is to 26, fo 14 Pints are to 28, 
This Hole then will give 28 Pints, or 56 Pounds 
in one Minute: And thro' a Hole of 4 Lines, 99 
Pounds and a half ; and in one Second, about 26 
Ounces and a half; and in one Quarter of a Second, 
6 Ounces and a half : But in one Quarter of a Se- 
cond, the Cylinder of Water deſcends but 3 Quar- 
ters of a Foot ; which when an Inch in Diameter, 
contains little more than 4 Ounces. Therefore in a 
Quarter of a Second, there goes out of the great 
Cylinder 2 Ounces and a halt more Water by the 
Hole of the 4 Lines, than there runs out of the lit- 
tle Cylinder quite open. 
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Disco Mt 


f the Meaſure of Mater running in an 
Aquæduct, or in a River. 


O meaſure Water running in the Chanel of 
an Aquæduct, or that of a River, which 
cannot be receiv'd into a Veſſel, we muſt make uſe 
of the following Method. 
We muſt place upon Water a Ball of Wax, 
loaded within with ſomething more heavy, inſo- 
much that but very little of the Wax lies above 
the Surface of the Water, for fear of the Wind ; 
and afrer having meaſur'd a Length of 15 or 20 
Feet in the Aquæduct, we {hall know by a Halt- 
Second Pendulum in how much Time the Ball of 
Wax, carried by the Current of the Water, will 
run that Diſtance : Afterwards we muſt multiply 
the Bread th of the Aquæduct by the Height of the 
Water, and the Product by the Space which the 
Wax ſhall have run thro' : The laſt Product which 
is ſolid, will give all the Water which ſhall have 
paſs'd during the Time of Obſervation, thro one 
Section of the Aquæduct. To make this Opera- 
tion with Exactneſs, it is neceſſary that the Bed of 
the Aquæduct ſhould have the ſame Inclination as 
the Superſicies of the Water that paſſes in it: And 
moreover we ſuppoſe, that the Warer runs _ 
fs y 


2 
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ly faſt, in the Bottom, on the Top, and on the 
vides. 


EXAMPLE. 


We ſuppoſe that in an Aquæduct which has a 
Breadth of Two Feet, and the Water in it One 
Foot high, the Wax has run 30 Feet in 20 Se- 
conds, which will be one Foot and a half in a Se. 
cond : But becauſe the Water goes flower at Bot- 
tom than at Top, we muſt rake but 20 Feet; and 
then we ſhall have 1 Foot in a Second : The Pro- 


duct of one Foot in Height by 2 Feet Breadth, is 


2; Which multiplied by 20 of Length, gives 40 
Cubic Feet, or 40 times 35 Pints of Water, which 
make 1400 Pints in 20 Seconds : And if 20 de. 
conds give 1400, 60 Seconds will give 3 times 2s 
many, vis. 4200 Pints: And dividing 4200 by 14, 
which is the Number of the Pints which an Inch of 
Water po in one Minute, or in 60 Seconds, 
we ſhall find the Quotient 300, which will be 
the Number of Inches which the Water of the A- 
quzdutt will give. 

This way we ſhall eafily calculate the Number 
of Inches which the River Seine gives: For fince 
there paſſes under the Red Bridge in one Minute 
200,000 Cubic Feet of Water; if we multiply 35, 
which is the Number of the Pints which a Cube 
of one Foot contains, by 200, ooo, we ſhall have 
7. oo, ooo Pints; which being divided by 14, 
give 500,000, Which is the Number of Inches 
which the River Seine gives, when it is at a mode- 
tate Height. | 

If we have a mind to calculate what Quantity 
of Water goes thro' large Paſſages, as thro' a 
Square Fathom, it is neceſſary to 2 Ne 

eight 
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Height of the Surface of the Water , above the 
Middle of the upper Part of this Square Hole, 
thro which the Water is ſuppos'd to run. Let it 
be, for Example, 5 Feet ; there will be then 8 
Feet from the Top of the Water to the Middle of 
the Square Fathom. The Product of 8 by 13 is 104, 
whoſe Square Root is very near 10 and ;; as 13 Is 
to 102, ſo is 14 to 11 nearly: And becauſe a round 
Inch is 16 times greater than a round Hole of 3- 
Lines, an Inch with 8 Foot of Water above ir, will 
give 16 times 11 Pints, or 176 Pints; which be- 
ing divided by 14, give 12 Inches; for an Inch Dia- 
meter of the Hole. A round Hole of one Foot 
Diameter, gives an 144 times more; the Product 
of 125 by 144, is 18 10; the round or Cylindric Foot 
then will give 1810 Inches. The round Toiſe contains 
36 times a Cylinder of one Foot: The Product of 
36 by 1810, is 65160 ; as 11 is to 14, ſo is 65160 
to 82930. Then a Paſſage of a Square Fathom ha- 
ring 5 Feet of Water above it, will give 82930 
nches. : | 
From thence we ſhall find, that if the River Serine 

were ſtopt, when it is ſwell'd a little above its uſu- 
al Greatneſs, and was rais'd 8 Feet above a Square 
Hole, 10 Foot high, and 18 Foot wide, it would 
all out thro' fuch a Hole : For there would be a 
Diſtance of a 3 Feet from the Surface of the Water 
which was ſtopt, to the Center of the Circle, 
which would have 10 Feet Diameter; and it would 
give thro an Hole of 3 Lines Diameter an Inch of 
Water: Thro' one of an Inch Diameter, it would 
ive 16 Inches; thro one of a Foot, 144 times 16 
nches, which makes 2304 Inches: And multiply- 
ing this Number by 100, the Square of 10 Feet, 
which is the Breadth of the Hole, we ſhould have 
2304c0 ; and according to the Proportion - = 

ircle 
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Circle to the circumſcrib'd Square, which is of 11 
to 14, we ſhould find very near 293236 Square 
Inches; and adding to it 8 Feet.in Length, we 
ſhould have more than 500,000 Inches ; which is 
what the River Seine gives at a moderate Height, 
as has been ſaid before; and conſequently it would 
all go out thro' a Square Hole, which ſhould haye 
18 Feet in Length, and 10 Feet in Height. . 
- If Water runs thro' an Aquæduct, or thro' the 
Channel of a River, in a 3 uniform Declivity, 
it will acquire in a moderate Space a Velocity, 
which will increaſe no more: For the Friction of 
the Banks, and the Bottom of the Channel, and 
the Parts of the Water being turn'd over one ano- 
ther, and the Reſiſtance of the Air to the little 
Waves which are in the Surface, cauſe it to loſe a 
Part of its Velocity ; and conſequently it cannot ac- 
celerate its Motion, but to a certain Velocity which 
it acquires in a little Time. From whence it fol- 
lows, that if a River has run thro' a pretty long 
Space in a certain Inclination, and that ir runs aſter- 
wards in a leſs ſteep Inclination, that is to ſay, along 
a Plane leſs inclin d. it will diminiſh its Velocity: 
For fince it will have acquir'd in the firſt Incl inati- 
on all the Velocity which it can have by it, and 
could not have been able to 7 x6 by a leſs ; it 
follows, that its Velocity will leſſen by degrees in 
that Inclination which is leſs, till it be reduc'd to 
that Velocity only, which it - can acquire by this 
gentler Declivity, | „ 
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Concerning the Height of Fets. 2 1 
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Di scourst J. 
of the Height of perpendiculat Jets. 


E have ſhewn already, that Jets, ought to 

riſe to the Height of the Reſervatories - 
but that the Friction of the Sides of the A jutages, 
and the Refiſtance of the Air occaſion d, that in 
Jets which have very high Reſervatories, the Height 
of the Jets does not come up to that of the Reſer- 
vatory by a great dell. 8 
In order to explain the Rules which we muſt 
follow to calculate the Height of Jets, accord ing to 
the Height of the Water of the Reſervatories, we 
muſt conſider the following Rules. | 


RULE I. 

When the Pipes that furniſh the Water are large 
enough, the larger the Ajutage is, the higher or 

1 farther it carries its Jet. 


0 An 
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An Experiment of it is eaſily made; if we take 
a Barrel of Water, ſet up on End, and pierce it on 
the Side near the lower End at the fame horizontal 
Height, with five or fix Holes of different Bore 
as for Example, of 2, 4, 6, 10 and 12 Lines 
Bore, Cc. for we ſhall ſee that the largeſt Bores 
will always carry the Water fartheſt, provided that 
the Bores be the fame Diſtance from the Superficies 
of the Water. The ſame thing will happen in 
Pipes whoſe Bore is 3 or 4 Inches, provided that 
the Bore of the Ajutage does not exceed one Inch 
It is pretty eaſy to explain the Cauſe of this 
Effect, if we confider what muſt happen to Balls of 
Wood of different Diameters ; for fince they are 
one to the other in a triplicate Ratio of their Dia- 
meters, their Weights will be likewiſe in the ſame 
Ratio, as alſo will be their Force to overcome the 
Reſiſtance of the Air; and conſequently if we 
throw with the ſame Velocity one Ball of two Lines 
Diameter, and another of 4, the laſt will go far- 
ther. We ſee a Proof of this, when we charge a 
Gun with Lead-Duft, Shot, and Balls, ar the ſame 
time; for tho' they go out with the ſame Velocity, 
the Shot go farther than the Powder of Lead, and 
the Balls go farther than the Shot; and for the ſame 
Reaſon, a Cannon Bullet will go farther than a little 
Ball of the fame Metal, ſetting qpt with the ſame 
Force. It is true, that if the Reſervatory be but 2 
or 3 Feet, a Jet of 8 Lines will not be ſenſibly dif- 
ferent from a Jer of 10 or 12 Lines; and one of 4 
Lines will be ſenſibly as high as one of 6 Lines; but 
the Difference will be very conſiderable in Jets of 
20, 50, and & Feet in Height, and morce. 


o * 
* 4 . * "4 4 * N -. 44 * 1 
* . $i od +4 \ b E 


(1 


HyYyDROSTATICKS. 195 


: 


. ou + * 9 
41 "BE. }, 3/1 11 © K 5 a 
/ R E IL 
i ' : ; 4 x : 4 : - 'S F 
= ”"» a os — * * 1 * 


The Fers fall ſhort of the Height of the Reſervatory 
according to the Duplicate Ratio of the Height 1 


let ARC be a Reſervatory (Fig. 57.) or a large 
Tube ſpouting thro' the Ajutage D; and let = 
Height: of the Water in the Tube be ſucceſſively, A 
and E: I fay, that if the Line E H be the Defi- 
ciency of the little et whereby it ſpouts ſhort of 
E, and G A the iency of the great Jet, where- 
by it ſpouts ſhort of A, AG will be to E H in a 
duplicate Ratio of D H to D GW. 
For let it be 7 5 that the Weight of the Ait 
is to the Weight of the Water as 1 to 600; ot, far 
the more eaſy Calculation, as 1 to 60; and that 
one only Drop or Particle of Air he met with very 
near the going out of the A jutage, by the firſt Drop of 
Water of the Jet, and that afterwards it rifes faeely, 
as in a Vacuum: It is evident by what has been ſhewn 
in the Rules of Percuſſion, or of the Motion of Bo- 
dies which ſtrike one againſt the other, that the 
Drop of Water will loſe t of irs Velocity, if that 
Velocity be expreſs'd by 61. Suppoſe then D E 
be 61, and D H 60, and that the Drop be retarded 
of t, namely E H. Now let the Height be 
the Velocity of the Drop r to its firſt Velocity 
in a ſubduplicate Ratio of L Et A; and that 
Drop, by meeting ſtill with a little Particle of Air, 
mw” 1 Midas 64ſt; — 1 Sag eee 
will loſe à Fart proportionable ro H E, according 
to the Ratio of D E to D A 4; ſuppoſe A. L be that 
imiqutian, D g will be to D H, as D A 10 DL. 


But as we have ſuppos d a Particle of Air fon the 
eee Space 


p 4 
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Space D E, there will be as many Particles of Air 
thro the Space D A, in proportion as D A, or DG, 
is greater than D E or DH; and every Particle di- 
miniſhing _ the Height of the Drop of Wa: 
ter in the ſame Proportion, this will be ſecond Ra- 
tio equal to the firſt, and conſequently A L bein 

to Ya as D E to DA, or H E to A LAG wil 
be the Deficiency of the Height of the Elevation 
of the Dus of Water ; but becauſe there are ſeveral 
Particles of Air between D and E, each of which 
retards the Motion of the Drop in the fame Pro- 
portion, the Motion of the Drop in the Space DE 
will bemuch more retarded than by the meeting with 
one only Particle, as we have ſuppos d. But we 
may conſider all theſe Spaces of Air, as if it were 
but one only Particle, and the Space of the Air DA 
is alſo in the ſame Proportion as D A to D E, and 
conſequently we muſt add a ſecond Ratio equal to 
the firſt; from whence it follows, that if A L be to 
r Ratio of D E to D A; GA will 
be the ciency of the Jet below the Height of 
the Water of the Reſervatory D A, if EH be that 
of the Height DE; which was the- thing to be 


proved, 
Hong EXAMPLE. 


Let D A be ones of D E, the Velocity of 
the Jet of Water preſs'd by D A will be double 
that of the Jet of Water preſs'd by DE ; if we 
take then as above the Height D E for 61, the 
Height DH will be 60 and as the Velocity of the 


great Jet is double, and as it ought to riſe to a qua 


drupte Height, it will loſe by meeting with as 
much Air as there is in D E, 4 times as much Height 
as H E; namely, whereas the Jet ought to riſe 
to D A 244, it will rife but to DL 240; but the 
2 8 | 2 d Space 
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Space E A being divided into 3 equal Parts, each 
will be 9 to D E; and if the firſt makes AL 
5 of Heig 


be the Loſs.of Height, the Second will make it loſe as 
much in the ſame Proportion, as the different Parts 
of DE make the firſt et roloſe: For in whatſoever 
Part of 17 Jet it be, the Velocity of the great one 
is always 0 chat of the little one; for there is 


always 4 :quadruple Space in this to be paſs d thro': 
It will 10 4 en moreoyer, beſides the firſt Part, 3 
other equal, LM, MN, NG; and A L being 4, 


A Gmill be 16; and conſequently the Deficiency 
A G will be to the Deficlency E H in a duplicate 
Ratio of D E to D A; and if E H be one Inch, 


GA mill be Ee 3 1 
The Friction changes theſe Meaſures a little, and 
the Complication of the Spaces of the Air which 
reſiſts: For in the great - Jets, the Space of Air 
paſs'd thro' will want very much of being in the 
tio of the Heights of the Reſervatories, which 
ought to diminiſh the Deficiency a little; and it is 
the Height of the Jets which we muſt confider ; and 
ſoif HD be 60, DG will be 240, the little Reſer- 
vatory being at. the Height of 61 Feet, and the 
great one being 256 Foot high. x 
Upon this Suppoſition it will be eaſy to calculate 
the Heights of the Jets for all Heights of Reſervato- 
ries, by knowing only one of thoſe Heights,; as 
that of a Reſervatory of 5 Feet ; which, as it- has 
been found by ſeveral Experiments, wants an Inch. 
If then we take for granted, that a Jet of ; Feet, 
whoſe Water which ſupplies it is not pinch'd, . but 
runs eafily in the Tubes, muſt have the uppes, Sur- 
face of the Water of its Reſervatory at the Height 
of 5 Foot 1 Inch, a Jet of 10 Foot will have a 
Reſervatory 10 Foot 4 Inches; one of 15 Foot, at 
15 Foot g Inches; one of 20 Foot, at 20 Foot 16 
| 4 * O 3 50 Inches; 
151 951 
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Inches; and ſo in order, accord 


the Series of 
Squares. We do not make the on in di- 
miniſhing the Height of the Reſerva hay ; for if 
we had taken a Reſervatoty of 100 Feet, it would 
be aq wy to diminiſh 400 Inches of File hho 
that is to ſay, 33 Feet One of 290 Fa, f 5 
have of Diminution about 133 Feet; and one of 400 
Feet, the Quadruple of 133 Feet, namely, 5323 
and conſequently it would bot did at all ; which 
is impoſſible; for the Jets ought S t0' "increaſe 
to that Height: But we muft irre It the Jet of 
200 Feet of Height, has its Reſervatory at 333 
Feet; and a Jet of 400 Feet, at 932 Feet. 

For all the different Heights, we Jl make uſe 
of the followig Table. * 


The Height of the Jet. The * Height of. th eng 


5 Feet > — 5Fet 1 Inch 
10 OY = re: 
15 15 9 
20 20 16 
33 25 3 2 
30 30 36 or 33 Feet 
35 —— 
40 64 | 
45 81 
50 — 
1 121 
an or 72 Feet 
Ws, 
"a Sk 227 
F 
go ' 324 or 117 Feet 
Ee 


100 400 8⁰ 
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So the Jet of 30 Feet will have 33 Feet for the 
Height of its Reſervatory ; that of 60 Feet, 72 Feet; 
that of 90 Feet, 117 Feet; that of 100 Feet, 133 
Feet ;; that of 120 Feet, 168 Feet: There is no need 
of a longer Table, for it. is not uſual to make a 
Height of Reſervatory of 168 Feet; and a Jet of 
120 Foot would be diſfipated by its Violence into 
ſmall imperceptible Drops, as thoſe of a Miſt; the 
Pipes might burſt; and when the Pipes are nar- 
row, or the Hole of the Cock which one turns to 
let the Water out, is much narrower than the reſt 
of the Tube, the little Jets fail much more than 
according to theſe Meaſures; and then there goes 
out much leſs Water than in Proportion to the 
Height of the Reſervatories. * 

Me ſhall then calculate the Expence of Water ac- 
cording to the Height of the Reſervatories, to which 
the Heights of the Jets agree; as if a Reſervatory of 
of 30 Feet ives a Jet but of 20 Feet thro' the De- 
fect of the Hindrance of its Conduit or other Things, 
then it will be neoeſſary to calculate the Expence of 
the Water, as if the Reſervatory was 21 Foot 4 
Inches high, with a Bore ſufficient for the Conduit. 

To know the Diminutions of the Heights, which 
are more than according to the Rule when the Holes 


are ſmall, I have made the following Experi- 
ments. 


A Jer thro' a Line to a Tube of 4 Feet and 
2 half wanted near 6 Inches. 3 
To a Tube of 14 Feet it wanted 3 Feet. 
To one of 27 it wanted about 8 Feet; which 
ſhews that the narrow Jets do not ſpout to their 
„„ 1. -: > $038 00 
To know the Heights of the Jets, without calcu- 
lating them, even before one has made any Experi- 
ment of them, we muſt _ 4 Ball of Lead, and 
4 one · 
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one of Wood, each to be 5 Lines Diameter, and 1 
throw them up on high with the ſame Fofce; if 7 
that of Lead riſes to 27 Feet, and that of Wood to | 
24 Feet}, it will be a Sign, that a Reſervatory of 
27 Feet will make its Jer but 24 Feet, thro' a Hole | 
of 5 Lines: For though the Ball of Wood be 
lighter than the Water, the Lead is alſo a little re- | 
tarded by the Air; and if we caſt the ſame Lead 
with a little Ball of Wood of one Line, and the 
Lead goes 14 Foot, and the little Ball 11, it will 
be a Sign, that a jet through one Line to a Reſer- 
vatory of 14 Foot, will mount but to 11 Foot. 
To confirm this Rule, we have made the other 
following Experimente. 5 
We took 2 Pipe whoſe Bore was 3 Inches, on the 
Top of which we ſolder'd a Barrel of one Foot 
Diameter. The Figure of the Tube was as in the 
Figure AB CD 


f (Fg. 78.) the lower Part was 4 
Curve. We plac d the Reſervatory A B at different 
Ra in order to make different Experiments. 
Ihe Water of the . 24 Foot 
| 5 Inches higher than the Hole D, the Jet aroſe to 
22 Foot 10 Inches; the Hole off the Ajutage was of 
6 Lines; the Squate of 22 5 is 521 4; : wherefore 
'we Ny, as 25 ſquare of 5 is to 521}, ſo one Inch 
of Height of Reſervatoty above 5 Foot, is to a little 
lels than 21 Inches; which are to be added to 22 * 
Foot 10 Inches, to have the Height of the Reſerva- 
tory, accotding to the Meaſures of rhe foregoing 
Table ; which makes 24 Fobt and near upon 7 
Inches, - which agtees pretty well with the Ex- 
— E 
The Jet of 4 Lines at the ſame Height of Reſer- 
vatory aroſe only to 22 Foot, 8 Inches *; and ſpouted 
only ohe Inch, or an Inch and 2 half lower th 
that whole *Adfurage was 6 Lines; but that 155 
% U. 7 I . FUE Ei 40 ee e e 


7 
1 
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Lines was lower than that of 6 Lines near 8 Inches, 
and was but 22 Foot 2 Inche. | 
A Refervatory of 12 Foot 3 has made the Foot 
ſpout through a 6 Line Bore to 12 Jet: That is a 
little higher than according to the Rule. 10 
Another Reſervatory of 5 Feet! in Height, with a 
Conduct. Pipe, which was very large, the Ajutages 
being of 3, 4, and 6, Lines, the Jets have ſpouted 
very near 15 Lines below the Surface of the Wa- 
ter of the Reſervatory, and there was not more than 
near the difference of one Line between that of 3 
and that of 5 Lines, By the Calculation, the Square 
of 5 k is 301; and by the Rule 25 Foot is to 
1 Inch, as 30 | to; a little more, which would give 
the Height of the Reſervatory leſs only by haſf 1 
Line than it was found to be by the E 
which it is not poſſible to obſerre. (2 
Little Jets in ſmall Heights loſe very little by 
their ſtriking the Air, and are not much leſs high 
than thoſe of 6 Lines, provided that the Pipes be 
large enough; the Surplus of the Length does not 
increaſe the Height of the Jet, nor the Quantity of 
the running out, or of the Expence of the Water 
when you keep the Pipes full. WES 
The Reſervatory being of 26 Foot 1 Inch, the 
Hole of 6 Lines has ſpouted to 24 Foot, and 2 or 
3 Inches; and by the Rule the Square of 24 4, be- 
ing 588 16, as 25 is to 588 {;, 10 is 1 Inch to 23 
Inches and a half very near; which ought to by 
added to 24. Feer 2 Inches, to make the Height of 
the Reſervatory, which will be then of 26 Foot 
I Inch 4, as is ſeen by the Experiment. 
The ſame Height of the Reſervatory, with an 
Ajutage of 10 Lines, has made the Jet ſpout to 
23 Foot 9 Inches; and through an A jutage — 
theſe 
pe- 


. 


Lines it has ſpouted 22 Foot. In the fuſt 2, 
a. . Fahy ifs 48 TIE is $3 3 "I - . 
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Experiments, the deficiency of the Height proceeds 
from the Ajutage being too large for a Conduit of 
3 Inches, and from the Waters having very much 
Friction by reaſon of its going too faſt in it; and 
in the ſecond it was the Smallneſs of the Jet, which 
having very much Air to paſs through was conſide- 
tably retarded, and its Height diminiſh'd, as has 
been explain d in the firſt and ſecond Confide. 
rations. OE | 
The Water of the Reſervatory being at 35 Feet 
of Height, wanting half an Inch, through an Aju- 
tage df 6 Lines, the Jer went up to 31 Feet, 8 or 
9 Inches; and by the Rule, the Square of 31 Feet 
being 1000 very near; and 25 is to 1000 as 1 to 
40 Inches very near, that is to ſay 3 Feet 4 In- 
ches ; which being added to 31 Feet 8 Inches, make 
25 Feet; fo this Experiment is agreeable to the 
4 Hen MAT 
For the ſame Reſervatory the Ajutage of 3 Lines 
has ſpouted up to 28 Feet; that of 4 Lines 30 
Feet; and one of 15 Lines to 27 Feet only, for 
the ſame Reaſons which have been given; vis 
that in this laſt Experiment the Pipe of Conduct 
was not large enough for the Bigneſs of the Jet and 
for the Expence of the Water; and in the 2 firſt, 
that the Height being great, the Air too much re- 
ſiſted the little Jet of 3 or 4 Lines. 
Moreover, I made Experiments with' a Reſerva- 
| tory 50 Foot high, and the Jets followed the ſame 
Rules, the Ajutage of 6 or 7 Lines made the Jets 
the higheſt. e Lag 
When there is 2 large Reſervatory, as.a Bartel of 
one Foot fx d to the Top of à Tube of 50 of 60 
Feet high, and of 3 Inches Bore; it happens, that 
when you. let go a Jet of 9 or 10 Lines, it does 
not mount ſo high as it ought to do according he 
_— this 
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this Height of the Reſervatory; for the Water of 
the Reſervatory cannot come faſt enough. from the 
Sides, which are diſtant from the Hole, to enter into 
the Pipe; and there is uſually made a ſort of Fun- 
nel, by the We of the Ming the account 
of the too great Expence of the Water, which 5 
made through the Ajutage Join'd to the Friftion in 
the Pipe, as has been 7 before. From 
thence there happens an Effed pretty ſarprizing, 
which is, that when the Jet is gone at firſt to a 
. 0 as of 45 Feet, it diminiſhes and goes but 
44 Feet; and afterwards it mounts up again to 
46, or to 47, which happens as ſoon as the Air 
can ent er thro' the Hole or Bottom of the Barrel; 
for then, beſides the Acceleration of the Water 
which' goes faſter, the Height of the Jet is made 
according to the Height of the Water from the 
Bottom of the Batrel; and it is no longer kept 
back by the ſuperior Water: This Reaſon is con- 
firm'd by the following Experiment. 1 
We made a Reſervatory 6 Foot high as AB CP 
(Pg, 79. and at a Foot below the higheſt Pare of 
it we folder d a Plate within, repreſented by EF, 
bor'd with a Hole of 8 Lines Diameter in G. We 
pour d Water in it till it begun to run thro the 
Ajutage D, and we ſtopp'd this Hole filling up the 
Reſervatory. To do it ſooner, we muſt make 4 
little Hole below F as in K, that the Water entring 
into the Reſervatory thro' the Hole G, the Air may 
go eaſily out of it, and ſhut it afterwards, when 
the Pipe ſhall be full to E E, to be able to fill the 
Reſeryatory even to AB. This Reſervatory bei 
full, we let the Water run thro the Hole D, and 
the Jet roſe at firſt up to I, and diminiſh'd by de- 
$ till the Water was below the Plate; and then 
the Water roſe to K. 1 
(2 
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The Cauſe of this Effect is the ſame as that of 
the greateſt running of the Water, when one 
a narrow Tube in the Hole of a large Reſervatory 


4 


For then the Water runs thro” the Cylinder of Water 
| GL MD, the fame as if it were a Pipe, the reſt of 
the Water not having a conſiderable Motion by rea- 
on of the Plate: But when the Water is below G. and 
at the Air begins to paſs in it, all the Water EF 
1 is free to ac upp D, and it ought to ſpout near 
to F. The Effect will be ſtill more wonderful, if 
the Hole D be of 6 or 7 Lines, and the Hole G of 
& 4 ; for the Jet will not go higher at firſt than to 


I, and will decreaſe as far as O, and when the 
Water above is come down to G, it will riſe 
up again as far as near to F. | 2 

In like manner if there be a Syphon as AB DC, 
(Fig. 80.) which makes the Water of a Bucket E F 
run (whoſe Surface is I K) thro B H D C, ig will 
ſpout thro! a little Hole as far as H; and if the 

Tube were not ſo long, the Jet would not be raisd 
Þ high from its Hole at C. But when there is 
no more Water in the Bucket above A, the Pipe 
will be empty from A as far as B, and when the 
Height of the Water ſhall be at B, it will ſpout az 
far as I, if the Syphon be of 5 or 6 Lines Diame- 
ter, and the Bore C be as ſmall as Two Lines, becauſe 
then the Velocity is given by the Height C B; and 
at firſt it was given only by the Height C K, and di- 
mid always, till the Water of the Bucket was 

LITE | red yen e, 
as? ſeems it is the Weight of the Water, which 
occafions the Jet to riſe that it may. be Tore to 


4+ * 


which is near the Ajutage by a 


of the Water of the Pipe, the Jet would go as high 
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Here follows än Experiment which 1 have made to 
ove it. £300 5 
AB C (Fg. 8 1.) is a Glaſs Tube of an Inch and 
4 half Diameter, and its Height D A is one Foot 
the Ajutage or Bote C is 2 Lines 3; we pour' 
Mercury thro” A till the Bottom E F was fill'd wit 
it: Afterwards we put Water gently into the Space 
CF, after that we ſtopp'd the Hole C with the 
Thumb, and fill'd the Tube with Mercury as far 
5 A. When we rais'd the Thumb from the Hole 
C the Water C F aroſe to 12 or 13 Feet very near. 
The Cauſe of its rifing ſo high is the ſpecifick 
Gravity of the Mercury, which is to that of 
the Water as 14 to 1. Conſequently one Foot 
of Mercury in D A will weigh as much as 14 Foot 
of Water, which would be a greater Tube, and 
will make the ſame Effort ro make the Water ſpout 
thro' C. And becauſe a Reſervatory 14 Foot high 
makes the Water ſpout to the Height of about 13 
Foot, one Foot of Mercury ought to produce the 
fame Effect. | 
The like Effects will follow from Weights put 
upon a Syringe, inſtead of the Weight of the Wa- 
ter or Quickſilver. | 
Let, for Example, AB CD (Fg. 82) be a Sy- 
ringe of 3 Inches Diameter, having at its Paſſage a 
Bore of 4 Lines at E, the Piſton is FG, which has 
2 Plate H I below its Handle, to which it is fix d 
that the Syringe may be kept upright, the Piſton 
being juſt within; there is Water poured in to fill 
from the Height of the Piſton L as far as E. MN, 
OP, are two Sticks fix'd to the Body of the Syringe, 
on which we hang Two equal Weights Q and R with 
Two' Cords on each Side of the Syringe. I fay, 
that if theſe Two Weights weigh 20 Pounds, the 
Jet will ſpout thro E as high, as if a — 
a whic 
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which ſhould have Communication with the Bore 
E, and whoſe Pipe which contain d the Water, ſhould 
equal in Diameter to the Body of the Syring 
AB CD, was bigh enough to contain the W 
ter weighing 29 Poynds. Now the Pipe being 3 
Inches Diameter, it will have 9 Inches Surface, each 
of which weighs 6 Ounces and r; there is then 55 
Ounces, or 2 Pounds 7 Ounces for every Foot of 
Fright z and if the Reſervatory was 6 Feet, it would 
20 Pounds 10 Ounces ; then the Jet would go to 
about 6 Feet, ſuppoſing that the Friction of the pi. 
ſton was but of 10 Ounces : So that if the 2 Weights Ill *© 
were 40 Pounds, they would make the Water ſpout Wl * 
to very near 12 Feet ; and if they were 100 Pounds, A 
it would ſpout as if the Pipe was 30 Feet in 
Height | * 2 Feet ! 


But if we make a Barrel of Copper G KP H. Fg, a 
| $3.) whoſe upper Plate is very thick to ſuſtain a great \ 
| Force, and that we fix into it a hollow Cylinder IL; - 
| the Barrel being filled with Water as far as MN, 
| let there be a Hole O to inject Air into it by means | 
| ofa Syringe there applied, and a Valve within; And 
having ſtopp'd the Hole 2 when the Air ſhall be 
= condens'd o as to be 4 Times denſer, its Effort will 
Fx be equal to 4 Times 32 Feet of Water ; and if the 
Barrel was one Foot Diameter, every Foot of Wa- 
ter in Height would weigh 55 Pounds; it would 
be then 128 Times 55 Pounds or 7040: Pounds, 
There would be required then the Force of 7940 
Pounds to condenſe the Air 4 Times; But the Bore 
O was a Quarter of an Inch, and the Baſe, H P 
one Foot, the Proportion would be as I to 2304, 
and the Force of 4 Pounds would be ſufficient to 
make the Air enter till it was of à Srength. propor- 
tionable to 4 Times this Number, that is to lay, 
even'to carry the Weight of 9246 Founds , it woul 
"O's, ran 
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carry then as much Weight as that of 128 Feet of 
Water, and conſequently when one ſhould open the 
Bore Z, the Jet would go near 100 Feet. 
And if the Barrel was larger, the Air which would 
be between M N and K G, would not be (more dif- 
ficult to condenſe thro' the Bore O, as it has been 
prov'd_in the Treatiſe of Percyſfon, and it would 
aſo make the ſame Effort to ſpout to 128 Feet in 
kelght, as well a Pipe of the whole Height full of 
0 i 
- I made moreover the following Experiment. I 
took Two unequal Syringes, the one was Two Inches 
Diameter, and the other 3 ; in that {of 2 Inches 
2a Five Pound Weight made the Piſton deſcend 
when it was empty ; and having fill'd all the Sy- 
ringe, and puſhing. the Piſton with a Force which 
was bop equal to 12 Pounds, I made the Wa- 
ter riſe thro a Hole of 8 Lines to 4 Feet very near. 
Now.,one Foot in Height of the Pipe of the Syringe 
is very near equal to 32 Ounces or 2 Pounds, and 
4 Feet are equal to about 8 Pounds. If then the 
fort was 13 Pounds, taking away 5 Pounds for 
the Friction of the Piſton, there remain d 8 Pounds 
for the equivalent Weight of the Water of a Re 
ſervatory of a little more than 4 Feet high, and of 
2 Inches and: Diameter, The other Syringe did 
the ſame in Proportion. : 1; 36 dg bay 
If we puſh'd the Piſton A B K I (Fg. 84.) into 
the Barrel. of the Pump CD F E, which, is narrower 
towards the Top, and as we ſee in the Figure at] 
H, the great Friction of the Water along the narrow 
Pipe G.1 H, flops, confiderably, the Force of the 
Impulſe to make the Water contain d in A BET 
Pals 7 and it would paſs better if chat Conduct 
went only to 1, and much better if the Condutt 
was larger than the Barrel of the Pump. where the 


iſton 
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Piſton phys LM N O, which it will be neceſſir 
— confider when one raiſes Water by Pumps to great 
Heights. TS ets 
In ſhort, we may carry 1 very high atcording 
to the following Method. Have a Cylind rick Veſſe 
of Copper A BC (Fig. 85.) round at the Top about 
Two Foot in Height and 8 Inches Diameter, and 
fix'd firmly and cloſe upon a Plane of Wood ot 
Iron, Oc. Have on the Side a Syringe or Barrel 
of a Pump DE F with its Piſton QN, and a'Sucker 
or Valve at the Bottom, as one uſually makes in 
Pumps, and let the Piſton in going down with the 
Force of one or Two Men, make the Water by its 
Preſſure to enter into the Veſſel thro the Pipe G H 
furniſh'd with a Suckes at H, as has been taught 
in the Beginning of this Treatiſe : Fix to the Side 
of the hollow Cylinder or Veſſel another Pipe IL, 
curve towards the Top, where there is an Ajutag 
of 12 Lines at its Extremity L; if we fit afterwa 
to the Two ſides of the Veſſel two other Pumps 
like this, we ſhall be able to make a great Quanti- 
= Water go in this Veſſel. The Piſtons may be 
fix'd to Ends of Levers as N to have more Force, 
being fix'd to the Fulcrum or Center of Motion at 
O. When you make the Piſtons play by means of 
the Levers, the Water will go into the Veſſel A B C, 
and paſs at firſt into the Tube I L with a moderate 
Force; but in continuing to work, we ſhall force 
in ſo much Water, that it will not be able to go out 
all thro the Ajurage L; then it will riſe as far as 
P, and - condenſe the Air inclos'd in the Top of the 
Veſſel ; and if we ſtill ſend up the Water with more 
Force, it will riſe up higher, as to R, condenfing the 
Air more and more: And when it ſhall be condenſed 
8 Times more than uſual, it will preſs the Water 
RS HI to make it go out thro? K, as if * 
801 | 7 Times 
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Times 32 Feet of Water above H I, that is to ſay 
224 Feer, which would make a Jet of Water thro? 
the Ajutage L of more than 120 Feet in Height; 
But it is neceſfary that the Three Pumps ſhould ſur- 
niſh Water enough; for the Ajutage L of 12 Lines 
will waſte more than 64 Inches of Water. 

The Air being condens'd in proportion to the 
Weights with which it is preſs'd, if we make a Ma- 
chine AB (Fig. 86.) compounded of a Trunk EF GH, 
full of Water as far as the Line IL, a little below 
EF; and a Pipe MN, which is well ſolder'd at 
M and O to the 2 Plates EF, GH, which make 
the Top and Bottom of the Trunk, to hinder the 
Air from going into it; the Trunk EG will ſerve 
for a Reſervatory, * . 

It is neceſſary, however, that there ſhould be 
another Trunk equal to the firſt, as CD TK, full 
of Air, to which the Pipe MN may be folder'd, 
When we = the Water thro M, it will go 
down thro'N, as far as to KT; and being riſen 
up as far-as PQ, the Air contain'd in the Space 
CPC D, and in the Pipe X V, open at X, and 
well ſolder'd to the Two Trunks, will not be able 
to go out thro* A; and will be condens'd by degrees, 
till there be made an Æquilibrium between the 
Weight of the Water in MN, and the Spring of 
the included Air. - = | = 

For Example: If the Water he rais'd to RS, the 
Air contain'd 'in the Space C DSR, in the Pipe 
RY, and in the Space EIFL, will be condens'd 
by the wn of the Water MS, and will preſs 
the Water IH GL: Then if we open the Ajutage 
A, whoſe Pipe deſcends near to H G towards V, the 
Water will ſpout to the Height A Z, equal to very 
near the Height MS; becauſe the Air preſs d 1 
the Height of the MS, makes the — - 
717 Ort 
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fort upon .the Water I G, as if the Pipe MS, full 
of Water, was above the Water IL: And the Wa- 
ter which ſhall fall from the Jer paſſing thro' M, 
will re-enter into the lower Trunk ; and. by this 
means the Jet will laſt till all the Water, which 
reach d from the Extremity V of the Pipe AV, to 
the Extremity Y of the Pipe X Y, be gone our in 
ſpouting. 125 7 

This Machine is call'd Fons Heronis, or Hero's, 
Fountain ; which he deſcrib'd in his Treatiſe enti- 
tled De Spiritalibis, according to the Tranſlation of 
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We may make this Water ſpout much higher, 
by increaſing the Height of the Pipe MN. 5 
The Beauty of Jets of Water conſiſts in their 
Uniformity and Tranſparency, at the going out of 
the Ajutage, without ſpreading but very little, and 
that to the higheſt Part of the jet. We have try d 
ſeveral ways of making the Ajutages ; of which 
there are ſome which ought. to be preferr d to 
others, for ſeveral Reaſons. The worſt. Sort are 
thoſe which are Cylindrical; for they retard very 
much the Height of the Jets: The Conic retard it 
leſs. But the beſt way is, to bore the Horizontal 
Plane, which ſhuts the Extremity of the Pipe of 
Conduct, with a ſmooth and poliſh'd. Hole; ta- 
king care that the Plate be perfectly plane, poliſh'd 
and uniform. | 34. eee 

Here follow ſome Experiments, that I have made 
relating to this. TS oe ar toe v9 

Having a Pipe of Tin, A B C, of 15 Feet it 


. 


Height; and having bor d it in D with a Hole of 


3 Lines, the Jet was perfectly fine, and went 14 
Feet: But the Pipe having been made higher, 
even to 27 Feet, and. having made in it a Hole 
of 6 Lines, the Jet went but 12 Feet, ſpreading 
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very much, and dividing it ſelf into ſeveral Drops 4 
becauſe the Water which ſupply'd the Jet was 
thrown acroſs with Force, as we ſee in the Second 
Scheme of the Figure, which repreſents the Part 
BC of the aforeſaid Pipe. For the Water ED 
and FD, which comes thro” the Sides, hath a great 
Velocity croſs-ways, which carries it to DL and 
DM; and GD is carryd to DN, and HD to 
DO, which makes the Jet ſpread : Becauſe the lit- 
tle Water which comes directly from P to D, is 
not ſufficient to make the Jet upright again. 

To remedy this Inconveniency, I caus'd an Aju- 
tage of an Inch long, and one Inch Bore, ro be 
fix d to D, as we ſee in the 88th Egare; where 
BCD repreſents the Part BCD of Fg. 86: We 
bor'd the little Pipe with a Hole of 6 Lines, ma- 
king DQ riſe to Q; then the Jer was finer, and 
roſe 3 or 4 Feet higher. 

Afterwards I caus'd the End of the Conduct 
Pipe to be made, according to the Curve Figure 
ILMNOP, in the 89th Fig. the iſt Scheme; 
and in the Plate QP, I caus'd an Ajutage to be 
made like the 2d Scheme : It was a little Conick. 
Bur there was an inward Plate , repreſented b 
EQ which left a Hole of one Inch in the Mid- 
dle; and the upper Plate AIB was bor'd in I, in 
the Middle, with a Hole of 6 Lines; which was 
made, that there might be no Friction but in the 
Plate EQ within ; for there could be but very little 
in EA and BQ. But that ſucceeds very ill: For 
the Jet went not ſo high, and ſpread more than it 
had done thro' a plain Conic Ajutage, which might 
proceed from the different Motions of the Water; 
which having paſs'd thro QE, ſtruck the Plate 
AB with Violence on the Side of its Hole, and be- 
ing reflected, hinder d = Remainder of the 3 

| 2 rom 
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from going out ſtreight. At laſt I caus'd a Plate to 
be made well poliſh'd in PQ, bor'd with a Hole 
of 5 Lines very round, and poliſh'd : Then the Jer 
was very fine, and roſe 32 Feet; the Reſervatory 
being 35 Feet 5 Inches, whereas the other Jets roſe 
but io 27 or 28 Feet: Which happens, becauſe 
the Water takes the Direction of irs Motion from 
R, and that there comes very little of it laterally 
from the Sides Y and Z, which however contributes 
to the Direction of the Jer ; the Plate being well 
poliſh'd, and the whole being equal on the one 
Side and the other, and {topping equally the lateral 
Motion one of the other. Now the Jet roſe thro' 
this Ajutage 22 Feet without being ſeparated, un- 
leſs in falling down again; and was ſtopp'd very 
little at the Top, when it went 32 Feet, and much 
leſs than thro' the othereA jutages. 
I have ſeen a Plate bor'd with a Hole of 4 Lines, 
and 6 or 7 little ones about, which made a kind of 
Wheat-Sheaf; all the Jets of which were very 
fine and tranſparent, and that of the Middle roſe 
18 Feet. 8 
The Jets widen neceſſarily in Proportion as they 
riſe; the Reaſon of which is, that they loſe their 
Velocity by degrees: And becauſe it is the ſame 
Water, which by reaſon of its Viſcouſneſs keeps uni- 
ted without ſeparating ; it muſt needs take up 
more Room in the Place where. it goes lels 
ſwift, according to the Proportion of the Velo- 
City in one Place, to the Velocity in another. 
For the ſame Reaſon, the Water which runs 
thro a Hole cf 5 or 6 Lines, when it is in the Re- 
ſervatory only at the Height of 3 or 4 Inches, 
goes always narrowing, till it is reduc'd into 
Drops, when the Thread of Water is become too 
imall, For there ought to be only the ſame Quan- 
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tity of Water in all the Spaces that it runs thro* in 
falling ; which in equal Times are to each other, 
as the odd Numbers in their Series; from whence 
we ſee, that the Thread of the Water would be- 
come at laſt finer than a Hair. But before it comes 
to this, it is ſeparated and divided into Drons, 
which always accelerate their Motion, till they have 
acquir'd their greateſt Velocity. | 

We muſt nor regulate the Expence of the Water 
by the Height of the Jers, bur by the Velocity of 
its going thro' the Ajutage. Now in the Ajuiages 
of one Line, or of two Lines, the Jets do not go 
ſo high at the ſame Height of the Reſervatory, as 
thoſe of 5 or 6 Lines; and nevertheleſs they ſenſi- 
bly give Water in Proportion to their Bore-, as we 
have icen. 

To know the Cauſes of theſe different Effects, 
we muſt conſider, that the little Globules are to 
the great ones in a Triplicate Ratio of their Dia- 
meters : But they are retarded in their Motion by 
the Air, according to the Surfaces of their great 
Circles; and they force that Reſiſtance of the Air, 
according to the Difterences of their Weights, as 
has been explain d before. From whence it hap- 
pens, that if we ſhoot a Muſket charg d with 
Balls, and with ſmall Shot; the Balls will go tar- 
ther than the ſmall Shot, tho they go out of the 
Muſker with the fame Velocity, as we have ex- 
plain d. | Be 

The fame Thing ought to be underſtood of the 
ſmall and great Ajutages, which have the ſame 
Height of Reſervatory : For tho' at the going out 
of the Ajutages, they go within a little near as 
faſt one as the other; when they paſs thro very 
much Air, the ſmall Jets are retarded from their 
going out to their greateſt Height, much more in 
Habit 2 | Pro- 
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Proportion than the great Jets; and conſequently 
the great ones will go much higher than the little 
ones; but they will not give more Water in Pro- 
3 or at leaſt much more; ſince it ought to 

eſteem d only by the Velocity which the Jets 
have at their firſt going out of the Ajutage, which 
is within à little nearly equal in the little and great 
Ajutages. 

When we have a Jet of Water ſupply'd by a 
ſufficient Quantity of Water, and that we bore the 
Pipe of Conduct with a Hole equal to that of the A- 
Jutage, to make uſe-of the Water which goes out 
from it ; we ſhall find the Diminution of the firſt 
Jet after this manner. 

Let ABCD (Fg. 90.) be a Reſervatory 13 
Foot high above the Ajutage H of 6 Lines Bore; 
the Jet ought to riſe about 12 Feet and a half, if 
the Conduct be 3 Inches Diameter. We make a 
Hole in I of 6 Lines, from whence the Water I E 
goes out : The Jet HM ſpends 4 Inches of Water, 
by the Rules which have been given. And becauſe 
there ought to go out near as much thro' the Hole 
11 the Conduct is too narrow to give the ſame 
ight to two Jets equal to HM : Wherefore as 
ſoon as we let the Water I L run out, the 
Jet HM will diminiſh a little : And: becauſe the 
two Holes Hand I give very near $ Inches, and that 
the Water NO, which ſupplies the Water in the 
— is but 4 Inches by Suppoſition, the 
eſervatory will be empty d by degrees, if it be 
very ſpacious; and very quickly, if it contains but 
Half a Barrel, or 100 Pints, The Water then 
muſt needs deſcend in the Pipe, till the Jet HM 
gives but 2 Inches: For then the Hole I giving alſo 
2 Inches, all the Water NO will be employ d. 
Now 33 Feet is 19 is Huf þ i. 45 6490343 
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therefore the Height of the Water being P Q of 
3 Feet; above H, the Jer will only riſe to 3 Feet, 
2 Inches, and ſome Lines, according to the Rules 
beforemention d: And conſequently, we ſhall ſee 
the Jet H M decreaſe, till it riſes no higher than 3 
Feet, 2 Inches, and ſome Lines; and the Water 
NO will keep up the Height of the Water, to the 
Height OT. | * 
And if we ſtop the Hole I, the Jet thro* H will 
begin to increaſe, till it comes to H M ; and at the 
ſame time the Water of the Conduct will rife 
above B, till it is in the Reſervatory A H, at its 
firſt Height. We ſhall obſerve the ſame Rules in 
other Caſes of the like Nature. | 
If the Heights of the Reſervatories were very 
great, the Jets. would be diſſipated by their violent 
Impulſe apainſt the Air ; and inſtead of ſpouting 
higher than the Jets of ſome Reſervatories not fo 
high, they would very much fall ſhort of them. 
| 8 the following Experiments for that Pur- 
1 + 


EXPERIMENT I. 


1 charg d a Croſs-Bom with a ſmall Pipe of an 
Inch Diameter, and 6 Inches long, held faſt in the 
Notch of the String ; and having bent it, we 
Tais'd it perpendicularly, and fill'd the little Pipe 
with Water; the Water being impell'd by the Force 
of the Bow, went out, and meeting with the great 
Reſiſtance of the Air, was very much diſpers d. 
Thoſe that ſtood by did not ſee the Jet mount; 
but ſaw a great many ſmall Drops fall down, ſpread- 
ing to the Circumference, of above 20 Foot round 
him that held the Croſs-Bow ; who affirm'd, that 
ke law the Water * to about 30 Foot. _ 

| | . this - 
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again; but they are imperceptible. 
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this Velocity agrees with a Reſervatory of more 


5 than 600 Foot, whoſe Jet ought to be 300, accord- 
Ing to the Rules. N 


EXPERIMENT IL 


I caus'd a Piſtol to be charg'd ſeveral Times with 


4 Inches of Water, inſtead of Bullets; which Wa- 


ter being ſhot againſt a Door at 20 Foot Diſtance, 
elevating the Piſtol to an Angle of about 45 De- 
grees, to prevent the Water's falling; there did 
not ſo much as one Drop reach the Door, I 
caus'd it to be ſhot a ſecond Time, at 10 Foot Di- 
ſtance ; but twas ſtill the ſame ; And when the 
Perſon that ſhot advanc'd, and look d directly up, 


he felt little Drops of Water fall upon his Face. 


Then again we ſhot it againſt a Piece of Paper, 
plac'd at the Top of the Door, at 7 Foot Diſtance; 
and the Paper was all wet: Therefore we found, 
that the Water diſpers d it ſelf to 2 Foot Diame- 
ter: For having ſhot another Time at 8 Foot Di- 


ſtance, the Paper was not wet. Now if we calcu- 


late this Water as a Cylinder of 5 Lines Diameter, 
and 4 Inches long, and divide the Product by a 
Surface of 2 Feet Diameter; we ſhall find, that its 
Thickneſs will not be above of a Line. For the 
Solid of the Square of 5 by 48, is 1200; and the 
Solid of the Square of 188 Lines by 5, is a little 
leſs than 1200 Cubic Lines; and the exact Cylin- 
der is 943 Cubic Lines, and that which has 2 Feet 


Diameter for its Baſe, is 931. It happens then 


that the Water being reduc'd again to a much leſs 
Thickneſs, as when it was ſhot from a 10 Foot 


Diſtance, it ſeparated into little Drops; ſome of 


which roſe up in Vapours, 4nd the reſt fell down 
We 
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We ſee the ſame Effect in the breaking of a 
Bubble of Soap'd Water : For thoſe Particles of 
Water that are too ſmall, riſe up 1 in vifible Vapours, 
and the others fall down. 

A Thread of Water coming out of a Hole of 
Half a Line, by a Preſſure: of Water from 100 Feet 
high, meeting with the Hand in ſpouting aſlope, was 
alſo turn'd into Vapours. 

It may be objected, perhaps, that if Water was 
ſhot our of a Cannon of a Foot Bore, the Water - 
would go much farther than 10 Feet; I grant it. 
But it will not go 100 Feet 3 as may be prov'd, and 

imented. 

ow this Velocity is ſo great, that no acceſſi- 
ble Reſervatory can produce the like. For ſince the 
firſt Velocity of the Water that thould go out of it, 
will go 1000 Feet in a Second, as Sound does; ler 
us ſuppoſe the Reſervatory to be 10000 Foot high ; 
and that the Velocity of a Globe of Water of a Foot, 
ſhould be ſuch as to make ir fall 13 Feet in a Se- 
cond ; it would go 26 Feet horizontally : The Pro- 
duct 13 multiply d by 100co, is 130,000 , the 
Square Root of which is about 360: As 13 is 
to 360, ſo is one Second to 28, or very 
near. 

If we ſuppoſe then that a Globe of Water of 
a Foot, accelerates according to the Series of the 
odd Numbers, which it only does for a ſmall Di- 
ſtance ; it will fall 10000 Feet in 28 Seconds, and 
go 20000 Feet horizontally, with an uniform Velo- 
city, equal to the Velocity acquird in 28 Seconds z 
and in one Second about 714 Feet, which is a Ve- 
locity leſs than that produc d by the Powder in the 
Cannon. But as there is no acceflible Place of 
loch Feet high, ſo we cannot ſee the Effect of 

eee Jets, Beſides, this Height of * 
cet 
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Feet ſhould give from a Hole of 1 Foot almoſt 45 12 
Inches, which would make too conſiderable a Rive 
to be at ſo great a Height. 

We muſt then — believe, that the 
greateſt Jets will not go 300 Foot; for the Reſer- 
vatory being about 600 Foot high, the Jet ought to 
be about 6 Inches Diameter, and the Conduèt ought 
to be 20 Inches Diameter, and it ſhould give 16128 
Inches, which is yet too great 2Quanrity of Water; 
and therefore it ought to be reduc'd to 100 Foot 
high, and about 12 or 15 Lines Ajutage ; for tho 
it ſhould riſe quite 150 Foot, it would ſcarcely 

then appear higher to the Sight at ar 20 Foot Diſtance. 


Dis cou RS K II. 


o the Height, of oblique Fets, and of 
their Amplitudes., =_ 


TP H E Jetsthat ſpout horizontally, of obligaely, 
as in the 91ſt Figure, deſcribe a Curve Line, 
which is a Parabola, or a Semi-patabola, of which 
Toricelli has given us the Demonſtration after Gali 
leo; but we muſt abſtraQ the Reſiſtance of the Air; 
yet "if the Jets are feeble, the Curve Line will al- 
ways be ſenfibl 4 a Parabola, by reaſon that the Ar 

ſts. to a ſmall Velocity, and re the Acceleration 
of the Velocity of the Drop that falls, or the Dimi- 
nution of that which ſpouts, is made ſenfibly accord- 
ing to the * And likewiſe in "he mid- 
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ling Velocities of Jets, their Curvity comes very 
near to a Parabola z becauſe if on one Side, the 
horizontal Direction be retarded by little and little, 
and does not go with an uniform Motion, the Accele- 
ration alſd will not go according to the odd Num- 
bers at the End of the Fall, but will be retarded by 
the Reſiſtance of the Ait, as I have explain d before: 
And thus one of the Deſects recompences the ot her, 
235 we ſee in Fig. 91, where the true Parabola is 
ABC, if in 3 ſmall Intervals of equal Time the 
moving Body runs horizontally over the 3 equal 
Spaces A E, E G, G D, and that it runs over AT 
in deſcending the firſt Time; I M, which contains 
3 times A I in the ſecond Time; and in the Third 
MN, which contains 5 Times A I. But if the Re- 
ſiſtance of the Air, inſtead of its going to D, ſhould 
make it go no farther than II, then in theſe 3 
Times the Refiſtance of the Air will hinder it 
from deſcending in the fame Time to N; therefore 
it will go no further than K, and by drawing the 
Parallel K L, which will croſs H F at L, a little 
within the Curve AB C: The Curve Line A OL, 
which will be deſcrib'd by this Motion leſſen'd in 
Proportion (which is not true, however ſtrictl 
ſpeaking) will be another Parabola within the fi 
ABC. From this Property of Bodies that move in 
the Air, we did deduce the following Problems. 


PROBLEM , 


The mean Height of a Re ſeruatory being given, and 
the Fer being oblique, to find where it will fall upon 


Lets A B (Fig: 92.) be the Pipe ofthe Reſerva- | 
, C the Ajuage, © D 4 Line Parallel to AB 
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DEC a Semi-circle, of which H is the Center. 
Galilao and Torricell: have demonſtrated, that if 
the Direction of the Jet coming out of the Ajuta 
is in the Line C E, which ſhould make the Angle 
DEC, with the perpendicular D C, of 45 Degrees; 
having continued H E, perpendicular to D C, to F, 
ſo that E F be equal to H E half the Diameter of 
the Circle, the Point F will be the Vertex of the 
Parabola E F G, deſcrib'd by the Tet; as is ſeen in 
the Figure; CE will be the Tangent of that Para- 
bola at the Point C, and CG the — of the 
Parabola, and the Double of H F or CD. 
If another Direction is given to the Jet, as CL, 
you muſt let fall the perpendicular L M, upon C D; 
and M LN being the double ef M L, the Point N 
will be the Vertex of the Parabola, which will be 
deſcrib'd by the Jet, of which C R will be the Am- 
plitude equal to twice MN, and the fame in re- 
ſpedt to the other Directions. From whence it fol- 
lows, that if the Angle L C E is equal to the Angle 
ECO, the Jet, with the Direction C O, will go 
as far as with the Direction CL; and Q OP being 
equal and parallel to M LN, P will be the Vertex | 
the Parabola of that jet, and they will meet in 
the horizontal Line CG, at the Point R, becauſe 
their Amplitude, the Quadruple. of M L, or the 
Double of MN, will be common to both. 41 4 
The Jets of Bombs full of Powder follow the 
ſame Rule; from whence it follows, that if it has * 
been found by Experiment, that a Bomb, whoſe 


Elevation is about 45 Degrees, goes about 50a Far. A 


thom in Length or Diſtance, it will go perpendicu- 
larly 250; for if C G be 500 Fathom, and the 
Bomb has deſcribed the Parabola C F G, it will riſe 
but © the Height C D, which is the Diameter of 
the Semi- circle, which conſequently; will wk o 

is | | athom, 
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Fathom, which is half the Amplitude C G, of the 
Parabola LF G; but you muſt confider, that theRe- 
ſiſtance of the Air alters theſe Meaſures a little: 
For there is more to be gone thro' by C F G, than 
CD; fo that the Bomb will go a little nearer in 
Proportion to the Point D, than to the Point G. 
And for the ſame Reaſon, if the Direction of the 
Bomb was CL, and it fell at the Point R, it would 
go a little farther in the Direction C O, becauſe 
there is more Air to beat thro' in the Parabola ENR, 
than in that of CP R. Here follow the Experi- 
ments that I have made with Water, which muſt be 
_ retarded by the Air than a Ball of Iron, or a 
| Bomb. | 

In the. foregoing Figure, ſuppoſe A B C to be a 
| Pipe of 6 Foot high from rhe Surface of the Water 
| at the Height D in the Reſervatory, to the Ajutage 
C the Direction of the jet CF G was of 45 De- 
| grees above the Horizon; and by what has been al- 
| ready ſaid, CG, which was the Amplitude of the 
Parabola, ought to be of 10 Foot; bur the Jer erred 
towards the End, and that which came the neareſt 
to 10 Foot, reach'd to 9 Foot 10 Inches, and conſe- 
| quently the Jet wanted but 8, that is, 2 in 120. But 
having made the Experiment upon greater Heights 
ol Water, the Jetdiminiſh'd more of its Amplitude 
in Proportion, by reaſon of the great Reſiſtance of 
the Air; and that Diminution ought to be in Pro- 
portion to that of different Heights of the ſets, 
and ſo we muſt take the Double of the perpendicu- 
lar Height of the Jets, to know the Amplitude of 
the Parabolical Jet at the Elevation of 45 Degrees. 
lets of Quickſilver have the fame Effect, but 
} their Ends ſcatter more than the Jets of Water; the 
| Reaſon of which is, that the upper Mercury B F 
| (Hg. 93.) ſlides upon the under C E D, by its =_ 
B ng 
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bing againſt it; and on the contrary, the Me 
cury which is at E, deſcends by its own Weight, 
and by the Shock of that which is uppermoſt, 
which is the Reaſon that the Drops of Mex. 
cury are much ſeparated from one another he. 
tween D and F, and from the Top to the Bottom; 
but they don't widen in Breadth. And if you place 
your Eye in the Plane of the Direction of the Jet, 
it will appear like a Stream all of the ſame Bigneſß 
which it had when it went out at the Ajutage; 
becauſe, not opening when it goes out, the Drops 
which are neareſt the Eye, cover all thoſe that are 
under in the whole Extent of the Tet. 
To prove by Experiment that the moſt heavy 
Bodies make their Parabola's greater, I ſuſpended 
a Ball of Steel to a Thread of 42 Inches, or 3 
Foot; long; and having raiſed it by an Arc of 50 
egrees, I let it go; it returned, after having ri- 
ſen on the other fide to 49 Degrees 45 Minutes; 
the Arc of the 25 Minutes which were wanting, 
was 6 Lines broad, and conſequently it loſt but 
nearly a Line and a half in falling to the Point of 
Reſt. I us'd afterwards a Ball of Wax of the fame 
Bigneſs, with a little Weight within; ſo that its 
ſpecifick Gravity was as that of Water; and having 
raiſed it to 40 Degrees, it returned, wanting 4 Inches 
at the Second Vibration: It loſt then 8 times as 
much by the Reſiſtance of the Air, as the Steel Ball, 
which is nearly in Proportion to the ſpecifick Gra- 
vity of Water to Steel. FIG 
hen in a Pipe the Holes are higher one than 
another, and the Jets horizontal, one may know the 
Length of the Jets by the ſame Rules in the follow- 
ing manner,  _ 1 9155 ne 
Let ABCD (Fg. 94.) be a Cylindric Veſſel, or 
of another Form, having Holes made at F 
. | the 
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the Water being always kept at the Height AB; 
| H 1 is an horizontal Plane, and you haye a Mind 
| to know where the Jets F and G will fall upon the; 
Plane H IJ. We ſuppoſe that the Side of the Pipe 
| B FG H, in which the Holes F and G are made, 
is perpendicular ; upon the Line B H ſor a Diame- 
ter, having deſcyibed the Semi- ciicle BLK H, let 
there he drawn FL and GK, Perpendiculats to the 
Line B H, as far as the Semi- circle at L and K; - 
and having made H I double of G K, and HM 
double of F L, the Jets will deſcribe the half Para- 
bola's G I and F M, as has been already ſaid ; from 
whence it follows, that if N be the Center of the 
Semi- circle, the Jet that ſpouts out at N will go 
the ' fartheſt of all, becauſe the Line NO, which is 
half the Diameter, is the greateſt” of all the Ordi- 
nates, as I K, F L: And if you take equal Heights 
above and below N, the Jer will fall ar the ſame 
Point upon the horizontal Line H I. 
If you have a mind to know what Height the 
Water ſtands at in a Veſlel or Reſervatory AB CD, 
you muſt make a Hole ſomewhere or other, as at G; 
and having marked ſome Point I, thro which the Jer UW 
ſſes, let the Line H I be drawn Level thro” the i 
Point I, and thro' the Point G, the Line GH, per- iy 
dicular to IH. Having cut off HI in two equal | 
arts, of which one half is G K, let there be found nn 
the Line G B, the third Proportional (in continued | 
Proportion) to & H and GK; the Line G B is the 
Height of the Water in the Reſervatory above the i 
Opening G, which is but the Converſe of the fore- I 
going Proportion; as it is eaſily ſeen, if you ſup- ; 
poſe that the Height of the Reſervatory above the | 
horizpngal, Plane HI, be H B, and the Hole of the it 
Jet be at G; for according to the — of | 
eome- 


2 
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Geometry, becauſe - of the Semi-circle, the three 
Lines G H, GK, and G B, are in continued Pro- 
portion; which agrees with what Galileo hath de- 
monſtrated in his 3d Propofition of the Motion of 
Projectiles; where he fays, that half the Ampli- 
tudes of the Parabola's of the Jets are mean Propor- 
tionals between the Height of the half Parabola, 

and — Height of the Liquor above the Opening of 
the let, | | ; 1 | 
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TH E N ' Water that Dpplies Jets, WY thro” 
2 long. and very narrow Tube, the Veloci 
of the Water is ſtopp'd by the Friction; of whi 
an Experiment was made after the following Manner. 
AB CD (Fg. 95.) is a Pipe 6 Inches Diameter and 
6 Foot high ; the Pipe CE is 3 Inches Diameter 
and the Pipe G F an Inch. Three Holes were made 
at the Points HIL; that at H was Two Lines wide, 
that at I 4, and the laſt at L was 8 Lines wide. In 
the 4 — h FG, the Holes K NM were diſpo- 
ſed after the ame Manner in reſpeQt to the Nearneſs 
to the Tube A B C D. The Pipe A being full, Ller 
the Water ſpoutiſucceſſivel "theo theThree Holes H 1 
L, the other ſtill continuing ſhut ; the Jet at L roſe 
1 5 z that at I next, and that at H ſpouted 
the leaſt Height of the 1 On the other Side, 


the 
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the great Hole M roſe to the leaſt Height, that at 
Na Sittle higher, and the little one K the higheſt 
of the Aus 'Twill-nor Ae be, f difficult to know the 
Reaſon o theſe Effects confider-that-a-preat 
deal of Water goes out at {oy Holes L and M, and 
that to ſupply it the Water muſt go | faſter thro the 
narrow Tube than thro" the wide one, which cauſes 
a conſiderable Friction that retards the Velocity 
of the Water, and hinders it from running faſt i 


to ſupply the Ajutage But in the, Holes H and 


as the Velocity thro the Pipes is 16 Times leſs than 


when the Water goes thro' L and M, the Friction in 
the nattower Pipe is inoonHerable, and docs not ſen 
ſibly retard the Fer K more than the Jet H, and they 
both riſe Fenty, n ; oþ A ane H ght At follows 
likewiſe, th: at if vu imini Roles and N, 
for — each of due A Line, then the Jet thro' 


I will not $iſe"\6%hiÞh \2s t did, and That thro N 
higher; becauſe there will be leſs Friction in the 
Pipe F 4 that — the Defedt from the Airs 
Refiſiikes; and ip ih Pipe C E this Dirmnution of 


Friction will not be confiderable, but xhe Reſiſtance 


of the Air: will bela little greatet than in that of 4 : 
Lines |; this it is cat has "deceived ſeveral Perſons | q 


that have made thet 


ments in narrow Pipes 


as FG and they 1e greateſt Patt of the 
Fountain- Makers have u that Water roſe 
higher thro' narrow: A jutages than thro wide ones ; | 
which is contrary 10 Reaſdn and Dupetimiertt | F the Þ 


Pipe of Conduct be not too nartow." 


The ſame Thing hap K when: the Aft 1 
£ of 7 inches long Fen | 
be 0 by plain Hote / in Pate not 


above à Line of a og and 4 half thitk.” "The Ex- Bf 


periment will be eafily made; if you have'a' Pi 


pe i 
of 6 vr) Inches Diaet, as ABC B (Be. - 14 
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and in- che- Pipe E Fü of 3 ſufieient Boe, 2 equal 
Holes be made at G and at H ; che firſt having tft 
Ajutage G I, fand the other only the Thicknels. of 
the Metal: For vou will ſee that the Jet thre 
H will gocmuch higher than thro GI, band the 
mote! yon diminiſh the Height gf 1 G, the gearer 
will ies Jer nſe ta that of. H: Whence it follows 
that the n that: are commonly put to 
the Mouths of Dolphins in Fountains: are Fer de- 
teftive.; and tho the Ajatage ſhould be à little co- 
nical, the Jet Will ſtill be retarded 3 of which take 
the following Experiment; A Glaſs Pipe ia Fot 
in Height and an Inch Diameter, having a Hole 
of Two Lines end a half, ſpouted only 10 Inches & 
high, when there was a! little Cone in it 3 but 
when it Mast made without a- Cone it ſpouted 1 
Inches Afomn9b 12 i 7h 1657 e e 
- To rgalae the Diameters of Pipes of Conduct 
according) tos the fleight f the. Reſervatories and 
the Bigne of the; Ajutages, I made the following 
Obſerdatiocns g: out bt oo eee 
At Hamilhy there is 4 Condudt Pipe made of Pie- 
ces of hored Oaks; the Bore is 5 Inches Dia- 
Meter., ne Height of the Reſervatory 15 18 Foot, 
and the Slope of that Pipe to the Horizontal Ca- 
nal is near 104 Fathom, Having cauſed the Wa- 
cer to be tagen Out of the Canal, T1 Pierced One 
of the Bieces of Oak at Top, and put an Ajutage 
of 10 Lines in it, the Water being kept in at the 
Bottom, the Jet roſe 15 Foot, ſo that 8 
of the Pipe and the A jutage was ſome little Ob 
ſtruction to it, for according to the Rules it ought 
to ſpout near Foot. I put another Ajutage 80 


Fathom ewygt in the ſame Pipe Which I made to 


ſpeut algne, and it did not riſe quite 14 Foot ; 
which may be attributed to a in che Mu- 
474 2 | tage, 
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tage, which was not made ſo woll as: che other. 
J afterwards let the Two Ajutages ſpout together, 
and the Jet neareſt the Top went but 12 Foot, 
and the other but 11; which ſhewed that a Pipe 
of Conduct 5 Inches Diameter is not ſufficient 
for an Ajutage of 14 or 15 Lines at this Height 
of the Reſervatory, or for Two of 10 Lines each. 

I ſtopp'd the Holes and let the common Jer ſpout 
which is on the ſide of the Canal, and raisd 2 ot 
3 Foot higher, at the ſame Diſtance from the Re- 
ſervatory as the laſt Hole; the Reſervatory was 
not quite 16 Foot high above the Ajutage which 
was conical, and 12 Lines in Diameter; it ſpouted 
about 14 Foot; whereas according to the Rules it 
ought to have ſpouted a little higher than 15 Foot; 
which proceeded without doubt from the A jutage 
being made Conical, as has been demonſtrated. 
1 made other iments with the Pipe of 50 
Foot beforemention'd, with a Ciſtern at the Top a 
Foot high: I fix d at the Bottom of it an horizon- 
tal Condutt Pipe, of the fame Breadth of 3 Inches, 
and 40 Foot long; at the End of which I put an Aju- 
tage of 6 Lines, and the Jet roſe as high as when 
it was but a Foot from the deſcending Pipe; _— 
likewiſe produced the fame Effects, namely, after 
having ſpouted at firſt to a certain Height, it dimi- 
ſhed it by little and little about a Foot; and the 
Water being got to the Bottom of the Ciſtern, the 
Jet roſe again and went a little higher than at the. 
Beginning, and thus an hori Pipe 40 Foot 
long and 3 Inches Diameter, did not diminiſh a ſet 
whoſe A jutage was 6 Lines. 11374 

It has been found alſo by Experiment, that an Aju-, 
tage of 7-Lines did not ſpout leſs high, than that of 
6 Lines, at 35 Foot from the Reſervatory, with a 
Pipe of Conduct 3 Inches Diameter, and 10 that a 


Pipe 
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Pipe of 3 Inches might have 52 Foot in Height for an 
Ajutage of 6 Lines: It may then be taken for a 
fundamental Rule, that a Reſervatory of 52 Foot 
qught to have a; Conduct Pipe of 3 Inches Dia- 
meter, when the Ajutage is 6 Lines; and that the 
Jet will riſe to the greateſt Height that it ought 
do e . by PR 1 8 
To compare the Breadth of this Conduct Pipe, 
with that which Reſervatories ought to have, 
and the Breadth of the Ajutages, make uſe of this 
Rule Gr 
| As the Number of Inches which one Jet gives, 
it to the Number of Inches which another Jet gives; 
fo is the Square of the Diameter of the Condu# 
Pipe of the Eirſt, to the Square of the Diameter of 
the Condudt Pipe of the other. 3 Pei; 0 
This Rule is founded upon this, That the Veloci- 
ty of the running Water be equal in both Pipes, 
that there be no more Friction in one than the 
other. But if the Number of Inches he Quadru- 
ple . the Section of the Bore, of the Conduct 
muſt be four Times greater, that the Velocity in 
the Pipes may be equal. £1247 
Accord ing to this Rule, if you would know what: 
Diametergyou muſt give your Conduct Pipe, to have a 
Jet of 100 Footthro' an Ajurage of 12 Lines youmuſt 
take a Height of 5 2 Foot, which thro' an Ajutage of 
6 Lines, having the Pipe 3 Inches Diameter, gives 8 
Inches; and that becauſe of the Table of the Heights 
of bes. the Reſervatory of a Jet of 100 Foot, ought: 
to be 133 Foot x, you ſay that as 52 is to 133, fo 
64 the Square of 8 is to 170; and the Square Root 
of 170 being 31 pretty near, you ſee that a Re- 
ſervatory of. 133. Foot thro? 6 Lines will give 13 
Inches, and thro' 12 Lines of Ajutage 52 Inches 
of Water, Then as 8 is ** o 9 che Sw 
| 3 0 
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of 3 which is the Diameter bf tHe os 6upht bo 

be — 584 whole dars Rot is , pretty beat; 

which — be the ny es f the Pipe that' "Was 
e 


ſontllir,; bur for- greater rity you ry" ee it 8 
Inches. 


When the Ajotages: aro ehe e ths Heights 
of the Reſervatories e you have no more to 
do thafl to make the 12 2 of tue Pipes in 
tbe ſame Proportion to one another, is the Diame- 
ters of the Ajutages ; for then the 'Friffions will 
be equal, and the Water will go be int one 
of the. Pi — than in the other, Kd which 1,you have. 
this Exa 

A Pipe” 13 Fore high gi ves ons Toth thro 


Dimes 4 then thro''s Lines it 010 wt. Inches; 1 | 


_ vently if the Pipe contin of the fame 
e Water A "go 4 4 Times faſter and 
— have 4 Times as much Friction; to make 
ito as faſt as then, the i gcune of the Diameter of 
the Conduct Pipe muſt be 4 Times greater, and 
then the Rodt of this Square will de to the Root 
3 other as 6 es 338 5 50 
here happens an Effect ſurp enough 
the Conduct of ſome Pipes at Ch ring © 
Theſe Pipes that are of Wodd "on one into 
mocher pats the a little Fond, and afterwards 
thro' a long Canal; whence 347 tappe hs that if 
you ſhut the Entrance of the [Reeppt6ry all at 
once, and the Water no longer Tuts in the Pipe 
of Conduct, this Jet of 14 'Fo6t dees not quite 
ceaſe,” but ' {Kll* continues to Tpott above 2 Foot; 
ofing the Entrance of the Relervatory to be 
| this Effect! might be attributed to this, 
that. the ol running off with great Velocity, 
the Weight of that of the Pond, und the un. 


makes the Pipes that p9, 0 one into mothet 


ile, 


—_ a wan as i AM LY ©, pod © © fi 
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little, and there is 2 little Aſpiration or ſucking 

in of the Water; as there is a ſenfible —— 
of Air, when this Pipe of Conduct being empty, 
you let the Water from che Neſervatory into it all 
at once; for then the Air being preis d, forces 
the Pipes} and makes a-ſmall Fallage between thoſe 
that are thruſt one into another. But the Aſpira- 
tion of; ſucking in of a little Water from the 
Pond and the Canal, is great enough to ſupply 
this: Jet of 2 Foot. 

There is likewife another vitracedinany Eat ob- 

ſervable in the ſame jet, which is this, if you put 
your Hand upon the A jutage and hold it there 10 
or 12. Seconds, the Water does not ſpout imme- 
diately after you take a way your Hand, hut begins 
by little ond je to riſe to 3 Inches, then to a Foot, 
— afterwards to 2 ſucceſſively for a conſiderable Time. 
I ſaw / the fame Effect in Water that ran horizon- 
tally: thro' 4 Copper Pipe: For having ſtopp d it 
with my Hand, imagining that the Water being kept 
in à fittle Time would have a greater Effort and 
ſpout further, I was ſurpriz d to ſee ſcarte any 
Water run at firſt, but afterwards it recover d its 
ordinary Force by Degrees : This Effect may be 
thus explain C. 
In the Canal of Chamily that inclined: a little 
till it comes within 80 Fathom of the Jet, the 
Water wou'd run very ſlowly if it were not puſn d 
forward by the ſpe Wa ater, * deſcem is 
more | 

I: ye fapdoſe how: chat AB CD is the ſteep 
— Feli 197.) and that the Canal is but half 
Tull, as cg to FG, the Water will run there 
faſt enough, and with the ſame Impteſſion will 
puſh that forwards which is at G HE, and by 


the: Semana that it will have acquired by the Way, 


44 it 
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it will be carrfed-along pretty faſt to the Entrance 
of the Ajurage, which it fills entirely; and being 
impelbd by the ſucceeding Water, it will riſe 2 
Foot; but when you keep it in, you ne its Mo- 
tion, and it even flows back towards B G D, ri- 
ſing towards the Top of the Pipe near C; which 
is the Cauſe, that this Water being in its. Motion, 
and its leaſt Height at B being leſs than the 
Height from the Point L, it can make no Effort 
to run or ſpout, till after the Motion begins from the 
firſt flowing of the Water, which is very flow. 

You mult take care that your Pipes of Conduct 
be not made with Elbows at Right Angles ; for 
the Water in its Motion ſtriking againſt that Part 
of the Tube that is oppoſite to it, endangers its 
—_—y „ and is conliderably retarded by the 

If you wou'd have ſpouting Water preſerve its 
Force for ſeveral Years, — muſt have your Pipes 
of Conduct a little wider than according to the 
Calculation that has been made; for they will ga- 
ther Dirt and Filth that will a little retard the 
Motion of the Water, nay ſome Waters carry along 
with them ſtony Particles, that joining to one ano- 
ther form Stones that ſtop the Pipe. 

-I made the Obſervation in the Aquæduct of 
Arxceuil; you ſee here in the Obſervatory in the great 
Receptacle where the Waters are ſeparated, a great 
Jet in the middle half a Foot high; the Circum- 
ference of this Baſin is of Copper, wherein were 
made ſeveral circular Holes of an Inch Diameter, 
to ſhew the Quantity of Water that there is in 
the Aquæduct; but by Degrees a ſtoney Matter was 
collected in theſe 3 Holes, that at length en- 
tirely ſtappd them up, not permitting the Water 
any longer ta paſs thro them; which is —_— 
"i enougnH 4 


HyYyDROSTATICKS. 233 


_m_ 3-for one would think that the running Wa- 
ter ſhould carry oft the Filth that might gather 


This is done after. the ſame manner that Snow is 
collected on the Sides, or upon the Boughs of 
Trees in miſty. and very cold Weather ; for the 
Wind carrying along: ſmall Particles or Atoms of 
frozen Vapours, drives them into ſome Pores of 
theſe Boughs ; and the firſt retain and hold faſt 
thoſe that © om, and at laſt there is a Collection of 
them 2 1 i Ys 

In like manner the Water carrying along with it 
ſome ſtony Particles with which it is impregnated 
in paſſing thro the Earth, fixes ſome of them in the 
Pores of the Metal; and ſome of thoſe that follow, 
agreeing in Diſpoſition . and Figure with thoſe that 
ſtuck firſt, Join themſelves to them. A great many 
paſs thro that do not fix: Bur in ſome Years, ſo 
many of them get together as are ſufficient to ſtop 
up the Holes entirely, as if it were only one pretty 
hard Stone; ſo that every 50 Years, or thereabouts, 
you are oblig'd to take up your Pipes, and make 
When the Conduct of Water in a large Pipe is 
ſubdivided into ſeveral Pipes, to make ſeveral Jets, 
you muſt conſider all the Inches of Water which all 
the Jets together ought to give, to determine the 
Diameter of the-great Pipe of Conduct, and you 
muſt afterwards reduce them by Calculation to one 
Jet only. | 

| EXAMPLE. 

The principal Pipe of Conduct is divided into 
fix Pipes, two of which have each of them an A ju- 


tage of 3 Lines Diameter, two others that 2 
= CAC 


each of them 5, one that has 6, and another 8; 
the Height of the Reſervatory is ſuppos d to be 52 
Foot; then if the Pipe be ſufficiently wide, and 
there be Water enough in the Neſtrvatory to ſupply 
the whole Expence, the Ajutages of 3. Lines. will 
each of them give 2 Inches, according to che Rules 
and Tables above - mention d; thoſe of 5: Lines ill 
each of them give 5 Inches 3, and that of 6 Lines 
will give 8 Inches, and that ef B Lines will give 14 
Inches and h: The Sum then of the Expence of 


Water of all theſe Jets will be 37 Inches ; where- . 


fore; according to the foregoing Rule, :for'a Reſer- 
yatory 52 Foot in Height, the Diameter of theAju- 
tage ouglit to be to the Diameter of the Pipe of 
Conduct, a 6 Lines to. 3 Inches, or as 1 to 6, 
which is in the fame Ratio; 
But as in this Example we have only the Expence 
ef the Water, vrhich is 37 Inches ; when the Reſer- 
vatory is 52 Foot high; you muſt enquire what the 
Diameter of the Ajutage ſhould be that would ſup- 
ply this Quantity of Water; which is found by the 
Rule of the Meaſure of ſpouting Waters in the Se- 
cond Part to be very near 13 Lines; you ſay then as 
4 is to 6, ſo is 13 to 78 Lines the Diameter of the 
Pipe of Conduct of all the Water, or 6 Inches 3; 
und each of the Pipes will be an Inch ; wide for an 
Njutage 3 Lines in Diameter; for by the foregoing 
Rule, the Diameters of the Pipes of Conduct are 
10 each other in the ſame Ratio as the Diameters of 
the Ajutages, the Height of the Reſervatory being 
the ſame; each of thoſe that have Ajutages of 5 
Lines, will have 2 Inches 3; that with an Ajutage 
of 6 Lines, will have 3 Inches Diameter ; and that 
of 8 Lines, will have 4 Inches. And if the Water 
In the Reſervatory can give or ſupply 37 Inthes, 
theſe Jers will ſpout continually. Lou will obſerve, 


that 


” 
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tat the Jet of 'B ſings Ajutage will gb the hig et 
Tall.“ To Kno- ts Height, you will find i 

fable of the Second Rite Diſcourſe the Firſt, Par 
tte Fourth, That a Jet of 50 Foot öught to have A 
Reſervatory 58 Foot 4 Inches high; wherefore the 
ſet is berwixt 45 and 50 Foot, And very near 45 3 
and if you make the Calculation by the Rule for the 
jet of 46 Foot high, you will find 52 Foot; for the 
Height of the R tory ; whence you may CON» 
dude, that che Jet will not ſpout quite 46 Foot, 
tho” the e de 52 Foot high. 


eee eee deen 
Discovnsy II. 


of. FS Force of P; ipes of conduct, aq 
the Thickneſs which they ought to buve, 


| actording 10 their Matter, and the 
- Height 4: the K eſervatoies. 
0 


HE E N beni are very high, or oY 
er is carried from a very high Place, the 

Pines of Conduct are often in danget of | breakit 
eſpecially if the 'Condutt be thro' deep Vallies; 55 
it Would give a Man a good deal of Unealineſs, 
a he lad been at a great Expence, if ſome Pipes 
uld Rappen to burft, whether thro the Defeck g 
— 8 der, 0 01 Weaknes of che Pipes. You m 
Neffe not to uſe too much Lead or Cop- 
he Pipes very thick, for a modefate 
uf en. he following Obſervations 


Solid 
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„Solid and firm Bodies reſiſt a Force that endea- 
e e them by blo e Kio: 
Particles interwoven one with another; ſome Bodies 
are eaſy to break, as Ice; others are broken with 
Difficulty, as Iron, Marble, Nc. ch 


* , 


That Force byqwhich a Solid reſiſts a Power that 
endeavours to tear or break it, by drawing it down - 
wards according to its Length, is call'd its abſo- 
lute Reſiſtance. Thus if you ſuſpend a Cylinder of 
Wood, as AB (Fig. 58.) by Ropes to a Beam, by 
means of a great Knob at A, and fix Ropes to ano- 
ther Knob rowards the Baſe B, by which the 
Weight C of 1000 Pounds is ſuſpended able to 
break this Cylinder towards D, higher or lower, 
by unfixing and ſeparating its interwoven Parts; 
we ſay, that its abſolute Reſiſtance is 1000, Pounds. 
By the ſame Method, you may know the abſolute 
Reſiſtance of a little Liſt of Paper, if you fold 
each End of it, as I L, round two Sticks; as GH, 
M N, (Fg. 99.) paſſing thro' the Ends to the Liſt; 
for having ſuſpended at the Stick M N, the Weight 
O, by the Strings K Z, if this Liſt breaks, as at P, 
when the Weight that hangs at it is ptesiſely 4 
Pounds; we ſay, that the abſolute Reſiſtance of 
this Liſt of Paper is 4 Pounds. 


© 
8 


Galileo made à Treatiſe of the Reſiſtance of 
Solids, wherein he gives the ſame Definition of 
Abſolute Reſiſtance; and in explaining, after his 
manner, the Force which a Weight muſt have that 
is ſuſpended. at the End of a Sod, Boe feed 2 
Wall; as if AB were the Wall, CDE F the | lid, 
(Fig 99.)-and the Weight G be ſuſpended at F, by 
the-Cord F G; he fays, that the Length E D is as 
one Brachium, of 2 Balance, and the Thickneſs 
CD as the othet : So that if you wonld ſeparate a 
Parr thar is at C, and its abſolute Neff 5 
98 2 0 0 
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Pounds, the Weight G need only be 2 Pounds, if the 
Length F D be 5 times greater than PC; but if you 
conſider another Part, as I, equally diſtant from C and 
D, you need but one Pound at G, becauſe the Bra- 
hum F D would then be 10 times longer than the 
other Erachium DI; and becauſe he ſuppoſes that the 
breaking pc wo t once in all the Parts of CD, ſome 
of which are betwixt D and I, and the others betwixt 
[arid C, he lays it down, that the Augmentation of 
the Force of the Weight ought to be in the Ratio of 
F D, to the mean Diſtance DI; which, however, 
diſagrees with ſeveral Experiments that T have made 
with Solids of Wood and Glaſs; whereby I founck 
that F D was to be compar d with a Length or Line 
leſs than D I; as with a Quarter of D C, or 4 Third! 
Fe. and not that F D was to be compar'd to the Half 
of D C. To find this Proportion, and ſhew that 
Galileo's is falſe, I take the followifſg Method. 
Firſt, I ſuppoſe that Wood, Iron, and other Solid 
Bodies, have Fibres and Ramous Particles inter-“ 
woven one in another, and that cannot be ſeparated. 
but by a certain Force; and that all together they 
make up that Firmneſs and Reſiſtance of Bodies to 
Power that endeavours to break them, drawing them 
perpend icularly downwards according ' to their 
Secondly, That theſe Parts may be extended more 
or leſs by different Weights: And, Laſtly, That 
there is a Degree of Extenſion which they can't bear 
without breaking: So that if a Solid of Wood 
muſt be extended 2 Lines, in order to be broken; 
and a Weight of 500 Pounds will cauſe this Exten- 
ſion, a Weight of 125 Pounds will extend it but 
alf a Line, one of 250 Pounds but one Line, Ec. 
and ſo every Extenſion will make an Eguilibrium 
with a certain Weight, 1 
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This being ſuppos d, let us confider the Balance 
AC'B, turni * the Fulcrum C, (Fig. 100.) las 
den at the End B with the Weight F, that makes 
an Nuilibrium with the 3 equal Weights G H I the 
Diſtance B C.is to CE, as 12 to 1; CD is twice the 
Diſtance of CE, and CA twice that pf, CD. Now if 
the Weight G be i2.Pounds, you mult baye a Weight 
at F of 4 Pounds,to ſuſtain. ie, becauſe the Diſtance 
B. C- is; thrice; thay, of C A.; there., needs no more 
than 2 Pounds to ſuſtain the Weighy H. and a Pound 
only to ſuſtain the Weight I; f thus a Weigl 
of J Pounds at F will make ag. Eguulibrium with 
theſe 3 Weights each of 12 Pounds at G, H, and 1; 
if then you add a lde Weight ar F, the 3 Weight 
will be overpois d; and tho'they:will.riſe ungqually; 
each will act with a Weight of 12 Founds, accord- 
ing to its Diſtance from rhe Weight, C. But the 
ſame Proportions do not hold good with reſpect tq 
the Parts of a Solid that breaks tranſverſly. And 
tw: lhewit, . . rf 

Let us ſuppoſe. F C (Fig. 101.) to be 12 Foot 
long, CA4,CE 2, and C B one Foot; and 
the Solid A D CN, join'd to the immoveable 
Solid A C B E, by three Strings equal, and 
equally dan as DI, GL, H M, ſtretch'd a 
little, and paſſing thro' little Holes in the Solid 
ACP E, and tied above the other, as you ſee in 
the Figure; let us ſuppoſe then that every String 
muſt be extended two Lines more than it is, to be 
ready to break; and that a Weight R of 4 Pounds, 
ſuſpended at F, is ſtrong enough to reduce the 
String I D to this Extenſion; and that if you add 
very litde more Weight to it, it muſt break; it is 
evident, that you mult have a Weight of 2 Pounds 
atR, to ſtretch the String L G, (when alone) 2 Lines, 
and a Pound only to ſtretch the String H M ſo 7 

1 


7 


2 — 
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f. the Center of:Motio be at C; but-becauſe-when' 
xe String D I is extended two Lines, the String GL 
is extended but one, and the String HM but half a 
Ene when they are drawn all together, it follows 
by the: Second Suppoſition, that about à Pound 
_ will chen make an Eguilibrium with the 
Tenſion of the Sitting GL, which is but one Line, 
ad that you will want but 4 Ounces to make an 
Equilibrium with the Tenſion of the String H M, 
tho its whole Reſiſtänce be a Pound; and conſe: 
quently to reduce the Three Strings to this State, it 
will be ſufficient that the Weight Ribe 5 Pounds; 
and that if you add a very ſmall Weiglit, the String 
D I will break, and alnioſt in the ſame Moment of 
Time as the two others; becaufe they reſiſt much 


leſs than the three together. 
Let us now apply theſe Reaſonings to the Solid 
AB CD, fix'd perpendicularly in the Wall EA DO, 
(Fig. 102.) and let us, ſuppoſe, that if it were 
drawn perpendicularly downwards, 60 Pounds 
would be requiſite to break it; I-fay;:that if AD 
be divided into 3 equal Parts thro?. the Points G H, 
and CD, be to D H, us 60 to 1; if the Weight L 
be of 10 Pounds, it will be ſufficiem to break the 
Solid; whereas, according to Galileo, it ought to 
be 15 Pounds; fince C D is to D che half of D A, 
as 60 to one and a half, or 40 to 15 and 60 is the 
Product of 15 by 40- i os 


To prove this Proportion, let us ſuppoſe, as was 
before explain d, that the Fibre towards A muſt be 
extended to 16 very ſmall Parts; before it can be 
broken, and that an equal Extenſion is- requifite to 
break the Fibres towards G I and H; it's evident, 
that theſe laſt will not reſiſt with all their Force, to 
hinder the breaking of the Fibre towards A; and 
that if they reſiſt in Proportion to their —_ 

om 


when the Fibre at I breaks, the Fibre at G will be 
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from the Point D, and if 16 Pounds at L be ne- 
ceſſary to break the Fibre at A, 12 only would be 
ſufficient to bteak the Fibre at G, 8 to break the 
Fibre at I, and 4 to break that at H; but becauſe 


extended in but 12 of its Parts, that at I in but 8, 
and that at H but 4. And thus iniſtead of 12 Pounds 
to break the Fibre towards G, yon need only 9 
Pounds, namely, the 4 of 12, and 4 Pounds to 
break the Fibre towards H. Now. 12 is a Propor- 
tional Mean betwixt 16 and 9, and 4 betwixt 
16 and 1, and. conſequently theſe Numbers 1, 
4, 9, 16, being ſquare, if you conceive. the 
Length A D to be divided in Infinitzm, the Re- 
ſiſtance of all the Fibres will be in the Proportion 
of a Series of Squares, beginning at 1. But take 
what Number- or Series of Squares . you pleaſe, be- 
ginning at One, thrice their Sum Minus the trian- 
gular Number that correſponds with the laſt Term of 
the Progreſſion, will be equal to the Product of the 
greateſt Square, by the Number of the Progreſſion 
beginning at o; and this triangular Number exceed- 
ing will be to this laſt Product, according to thePro- 
greſhon in Infinitum 5, 3, :, b, 15, Cc. the Exceſs of 
which in Iaſinitum will be as nothing, and conſe- 
quently all the Squares in Infixitum taken together 
will make but the Third of ſo many Squares as are 
equal to the greateſt, adding thereto one for the 
firſt Term of the Progreſſion ; ſo that if you take a 
Progreſſion following in a regular Series, o, 1, 2, 3, 4, 
5. 6, Cc. the Sum of all theſe Numbers is the half 
of the Product of the greateſt, multiply d into the 
Number of the Progreſſion, + ITO 

To prove by Induction this Property of a Series 
of Squares, ler us take 1, which is the firſt Square. 
The Triple of 1 is 3; 1 multiplied by the * 

| 0 
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of the Terms of the Progreſſion o 1 is 2, which 
is leſs than 3 by the brſt triangular Number 1, 
which is half the Number 2 : 1 and 4 make 5 3 
times 5 is 15; the Product by the Progrethon 
o, I, 2, is 12, leſs than 15 by 3, which is the ſe- 
cond triangular Number, and which is; of 12; 55 
is the Sum of the five firſt Squares ; 3 times 55 is 
165, the greateſt Square 25 multiplied by the 6 
Terms of the Progreſſion, o, 1, 2, 3, 4, 5, 150 
leſs than 165 by 15, which is 8 of 150. 

To know whether Experiment would agree 
with this Reaſoning, I caus d two Pieces of very 
dry Wood to be turn'd; one of them repreſented 
by AB, (Fig. 103.) had two little Balls or Knobs at 
each End, the remaining Part C D was uniformly 
3 Lines thick ; the other E F was 3 Lines thick 
throughout: I put the End of this laſt as far as the 
Point G, in a little Hole made in a Beam, and it 
fill'd it exactly; and at the other End F, I fix d a 
Weight of 6 Pounds; the Diſtance G F was 4 Inches, 
or 48 Lines, and conſequently it was, 48 times 
greater than the Third of the Thickneſs of the Cy- 
lindrick Stick G F, becauſe this Third was only a 
Line; and according to Galileo, the Proportion of 
the Weight was increas'd 32 times, but the Stick 
bent a little, and the Diſtance was no more than as 
30 to 1, Pretty near: The Weight I of 6 Pounds, 
ſuſpended at the Point F, broke the Stick at the 
Point G. Now if the Force of this Weight had 
been .increas'd but 30 times, its Effort ought to have 
been no greater than that of 180 Pounds, which is 
the Product of 30 multiplied by 6. I afterwards 
ſuſpended the Stick A B by 4 little Strings faſten d 
to. a little Cord that went twice round the Neck D, 
and was kept on by the Knob B D. And in the 
lame manner I fitted four other Strings to the ow» 
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C A, to hang a Weight of 180 Pounds, which 
ought to break the Stick A B, drawing it perpen- 
dicularly downwards, if Galileos Rule had been 
true ; but it did not break it. The Experiment was 
made before Meſſieurs Carcavy, Roberval, and Hugens, 
1 added Weights of 10 or 12 Pounds one after ano- 
ther; and at laſt, when there was about 330 Pounds, 
it broke at the Point H. 

Now if you take the Proportion of 47 to 1, 
(which is the Third of the Thickneſs) becauſe the 
Stick bent a little before it broke, the Pteduèt of 
47 by 6 is 282, inſtead of 330; but tis probable 
that if we had only put 300 Pounds, and left them 
there ſome time, as the 6 Pounds were left at I, it 
would have broke in the ſame manner; but at laſt 
the Proportion was much greater than that of 30 
to 1, and there only wanted ; to make it as 47 to ; 
which might happen, becauſe the Stick G F was per- 
haps weaker towards the Point G, or a little thicker, 

e renew d the Experiment, leaving a great Thick- 
neſs at each End of the Stick E F, and only two 
Inches from G towards F, that that Part might bend 
2 very little. I afterwards made uſe of ſome Canes 
of ſolid Glaſs 4 of a Line in Thickneſs, and I always 
found that pretty near the Proportion of the Length 
of the Cylinder of Glaſs to a Third of its Thickneſs 
was to be taken ; and in an Experiment, wherein, 
1 to Galileo, only 30 Pounds were ſuffi- 
Cient to break a ſmall Rod of Glaſs in a perpendi- 
cular Situation downwards, we were obliged to ha 
50: The Sieur Hubin fitted little Balls of Glaſs to 
the Ends of the Cylinder to ſuſpend it. | 
It may be objected, that in Wood, Glaſs, or 
Metals, nothing is extended without breaking; 1 
agree that the Extenſion of Glaſs is not ſenſible, 
but that of Metals is eaſily known, _ the 


SP 
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Strings of an Harpſichord, of what Metal ſoever they 
be, are ſenſibly extended; whence it follows, that a 
Cylinder ah Inch thick, ought likewiſe to extend it 
ſelf, but. you muſt have above 2000 Pound Weight 
to extend it ſenſibly ; for ſince a Ball of Glaſs or of 
Steel is dented in by a Blow, and afterwards reſtores 
it ſelf to its former Figure, it may likewiſe be ex- 
tended. If you let a Cylinder of dry Wodd an Inch 
thick fall upon a flat Stone, it rebounds, and conſe- 
quently has a Spring, and its Parts ſuffer Extenſion 
and Compreſſion. And becauſe Experience ſhews, 
that a little Stick, when you bend it in order to 
break it, contracting it ſelf towards the Concavity 
where it is bent, neceſſarily extends its ſelf towards 
the Convexity, before it breaks : Thence you may 
conclude, that it muſt have an Effort to make the 
Compretlion towards the Concavity. 0 
That being ſuppos'd, if AB CD (Hg. 102) be 
a ſquare Piece of Wood fix d in a Wall, you may 
eonceſve that from D to I, which is half the Thick- 
neſs A D, the Parts are preſs'd together by the 
Weight L; thoſe that are near D, more than thoſe 
towards I; and that they are extended from I to A, 
as has been before explain d; and the ſame Reaſon- 
ing about the little Cords may be applied to the 
Part 1 A; whence it will follow, that as the Length 
IF is to the Third of the Thickneſs I A, ſo will 
the Force of the Weight L be increas'd, in order to 


break the Solid; and as there is more Force requir d 


to preſs the Parts towards D, than towards H, if 
you ſuppoſe that this Force is diminiſh'd according 
to the Series of Numbers to an Unit, the ſame Pro- 


portion of the Length I F, to the Third of the 


readth D I, will be ſtill requiſite to make this 
Compreſſion; and as it is very probable that theſe 


Compreſſions reſiſt as much as the Extenſions, and 
R 2 that 


— 
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that as great a Weight is neceſſary to make them, 
theſe Extenſions and theſe Compreſſions will divide 
the Force of the Weight L, adding the Third of the 
Thickneſs I A, to the Third of the Thickneſs I D, 
the whole will be equal to the Third of the Thick- 
neſs A D; whence will follow the ſame thing as if 
all the Parts were extended: Therefore to reduce 
the Parts towards the Point A to ſo great an Exten- 
fion, as that the Solid A BC may be broken, the 
Weight L muſt be a little more than 10 Pounds, if 
the Length C D be to the Third of the Thickneſs 
AD, as 1 to 30, and more than 300 Pounds will be 
requir'd to break it when it is drawn perpendicularly 
downwards; for the ſame thing muſt happen with 
reſpect to the Effort of the Weight, as if the Parts 
betwixt I and D were extended, as well as thoſe 

above them. 38 
By an Experiment made before Sieur Hubin, 1 
found that a Cane of Glaſs a quarter of a Line thick, 
and four Foot long, ftretch'd 4 of a Line, without 
breaking; and taking off the Weight, it return'd of 
it elf to its firſt Extenſion. I caus'd three of equal 
Thickneſs to be thus extended, which broke when 
they were ſtretch d a Line and a half. To find this 
Extenhon, I caus'd a Ball of Glaſs 2 or 3 Lines in 
Diameter to be fix'd at each End of every one of 
theſe Canes; one of theſe Balls was held faſt be- 
twixt two Tenter-Hooks, which were driven in 
half their Length towards the End of a Table ; fo 
that in puſhing them with great Force, you could 
not ſenſibly move them, and conſequently the great 
End of the Glaſs Cane being held ſtrongly by the 
Nails, could not come near the other End of the 
Table. There were three little Pin-holes to diſtin- 
guiſh the Lengthning by ; the Cane bore upon the 
Table lengthways ; but when it was moderately 
_ drawn, 
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drawn, it did not lean any longer upon it. The 
great End by which we drew, touch'd the Table; 
and I obſerv'd that the End of it -touch'd the firſt 
Pin-hole, when it was drawn moderately with the 
Hand, and when it was drawn more ſtrongly, it ad- 
vanc'd to the ſecond Hole; and drawing it ſtill with 
greater Force, it reach'd the Third; and relaxing it 
a little, it return d to the ſecond or firſt Hole. To 
have made the Experiment as it ought to have been, 
one of the Ends ſhould have been drawn by an Iron 
Pin, in a Hole, and the other ſhould have been faſten d 
to 2 or 3 little Strings; which being join d together, 
would have made but one, and ought to have been 
wound about one of the Pegs of a Lure, or other 
Mufical Inſtrument; fo that turning the Peg by little 
and little, the Cane might be ſtretch d: There 
might have been Marks made to diſcern the Exten- 
ſion, and the Glaſs Cane might have been made to 
ſound like the String of a Harpſichord. 
This being ſuppos d, the Experiments that 1 
made relating to the Reſiſtance of Solids, are 
as follows. Theſe Rules may be of great Uſe to 
Architects for Beams, for Jettings out in Build- 
ings, Cc. 5 | 
A Glaſs Cane-5 of a Line, broke by its own 
Weight jetting out 6 Foot. 7 
A Cylinder of black Marble, 5 Lines in Diame- 
ter, ſuſtain'd horizontally 190 Pounds, that is to 
ſay, 10 4, at 48 Lines Diſtance. - The Square of is 
5 , its Product by a Foot Length, or 144 Lines is 
3655 or 400 Lines, 6 Foot of which will weigh 
2400 Cubic Lines. As 14 to 11, ſo is 2400 to 1885 
Lines; and hecauſe a Cubic Inch, or 1728 Lines 
weigh two Ounces 1 Dram, 1886 Lines will weigh 
about 2 Ounces 3 Dams. 


R 3 Half 
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Half the Length. of 6 Feet is 36 Inches, or 432 
Lines. As the Third of g of a Line, namely, 3 is to 
432; 10 is 2 Ounces ; to 1814 4 which, divided by 
16 Ounces, give 113 Pounds 6 Ounces, which 
would be the Weight which this Cylinder of Glaſs 
of 5 of a Line would ſupport perpendicularly. 
A Rod of Glafs a Line and; thick, and 11 
Inches long, being plac'd upon two Rulers about 9 
Inches diſtant one from the dther, an Inch broad, 
and an Inch chick ; and being laden in the Middle 
by a Pound and ;, put into a little Bucket of Tin, 
ſuſpended by a String, broke in the Middle: Such 
another Cylinder of Glaſs, plac d' after the ſame 
manner, but held cloſe betwixt the two Rulers, and 
rwo little Pieces of flat Wood of the ſame Breadrh 
as the Rulers; broke with 3 Pounds and an Ounce, 
ſuſpended at the Middle; it broke at each End cloſe 
to the Rulers, and one of the Ends broke even 3 
Lines within the Rulers, beyond the Fulcrum or Point 
that ſuſtain d it; ſo ir may be taken for a Rule, 
that the two Ends near the Fulcrum break in this 
latter Caſe; and conſequently twice as much Force 
is requir'd as when the Ends arte free, and the Cy- 
linder breaks in the Middle. | 
Another ſuch Rod plac'd in the Middle upon an 
Edge of à Knife, requir'd no more than a Pound 
and a half and about 3 Ounces to break it; that is, 
theſe Weights were put into two little Buckets, 
namely, a Pound wanting two Ounces in each, and 
it broke at 3 Lines Diſtance from the Knife. I had 
= fome Spamſh Wax towards each End of the 
laſs Rod, to hinder the little Cords that ſuſtain d 
the Weights from flipping, and to mark their 
Diſtance, which was: 9 Inches z there was likewiſe 
A White Mark to ſhew the Middle of the Rod. 


Wn Sword- 
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A Sword-Blade, one End of which was fix d in a 
Hole, and obliquely aſcending from it, ſupported 
68 Pounds, and a little Plate of Tin ſupported 80. 

It is evident, that if a Solid A B is broken by 2 
Weight L, (Fg. 104.) ſuſpended at its Middle E, 
being ſupported at each End by the two Rulers G 
and F; it muſt likewiſe break, if the fix'd Point 
be at E, and the two Powers at A and B be equal to 
each other, and both together equal to the Force of 
the Weight L, ſince there is {till the ſame Force 
acting at E. 

Galileo has demonſtrated, that the ſame Weight 
that breaks at E, will break a Solid of the ſame 
Thickneſs fix d in a Wall as far as the Point A, if 
its Length be equal to A E; whence follows what I 
have found true by Experience, namely, that a flat 
Glaſs AB, 12 Inches long, reſting upon each End, 
and having 9 Inches unſupported, being broken by 
the Weight of a Pound, 10 Ounces and 5 Drams, 
was broken by 3 Pounds 5 Ounces and 4 Drams, 
when its Extremities were cloſely tied with little 


Cords betwixt the Supporters and two flat Pieces of 


Wood ; becauſe then they muſt break at A B, cloſe 
to the Supporters, and becauſe the two Diſtances 
by both their Extremities reſiſted twice as much as 
E A alone at its Extremity A, it requir'd twice the 
Weight at L. 
The ſame Author has further demonſtrated, that 
if the Supports are at a double Diſtance, half the 
Weight that was at E will be ſufficient to break the 
Solid; the Reaſon is, becauſe the Lever becomes 
twice as long, and the Weight conſequently has 
twice the Force, the Counter-Lever not changing at 
all; but if the Solid be twice as thick, it muſt have 


4 times the Weight, becauſe on one hand there is 


twice the Number of Parts to divide; and likewiſe 
R 4 the 


—— 
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the Force of the Lever is diminiſh'd by one half, 
which is the Reaſon that the Weight ought to be 
quadruple ; and, generally, the Weights muſt be 
in a duplicate Ratio of the Thickneſs. . - 
Thence may be reſolv'd a very ſarprizing Theo- 
rem, namely, that if a flat Square of Wood, Glaſs, 
or other brittle Subſtance, plac'd upon a Frame, in 
ſuch manner that the Extremities are ſtrongly in- 
clos'd by the Frame, juſt as Panes of Glaſs are fix d 
in their Frames; the ſame Weight, which being 
diſtributed throughout the whole Extent: of the 
Square, would be ſufficient to break it, will break 
any other Square of the ſame Thicknefs, let its 
Breadth be what it will. 3 


. "The DEMONSTRATION. 


AB CD (Eg. 105.) is the Frame that incloſes 
the Square of Glaſs; EF is another leſs Frame, in- 
cloſing another Square of Glaſs of the fame Thick- 
neſs ; I ſay, that will ſuſtain as great a Weight, 
equally diſtributed, as the other; for let à little 
Liſt, as Q H, be plac'd upon the little Square; 
and to make the Demonſtration more eaſy, let the 
Liſt IL, in the other Frame, be double the Length 
Q, and of the ſame Breadth and Thickneſs : Tis 
evident by what Galileo has demonſtrated, that if 
you put a Weight on the Middle of Q H, preciſely 
ſufficient to break ir, half this Weight plac'd in the 
Middle of I L will break it; but if you double the 
Breadth of I L, and the Liſt be MN K 8, the en- 
tire Weight will be requifite to break it; for the 
Lever will continue the fame, but there will be 
twice as many Parts to divide ; and if you diftri- 
bute the firſt Weight the Length of Q H, you muſt 
double the Weight to break the Liſt Q H, — 

| prov 
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prov'd by the ſame Author. You muſt therefore 
double the Weight to break MS, which is twice 
the Breadth of I L; but if you add another Lift, 
as O P, croſswiſe to the little Frame, you muſt 
double the Weight, which I have found true by Ex- 
perience; for a ſingle Liſt being broken by a little 
leſs than two Pounds and a half; when it was croſs dz 
requir'd 4 Pounds 11 Ounces and a little more, 
which is a little leſs than twice the Weight; which 
might proceed from the Middle Square s not being 
doubled. If then you put another Lift acroſs, as 
G R, of the fame Breadth as I N, it will bear the 
ſame Weight as the Croſs PO QH; and if you 
continue to enlarge theſe Croſſes according to the 
fame Proportions, the great one will always ſuſtain 
an equal Weight, diſtributed as before. In ſhort, 
this Experiment may be continued till only 4 ſmall 
Squares remain at the Corners of every Frame; 
whence you may conclude, that if theſe two Squares 
were finiſh'd or fill'd up, the ſame Effect would al- 
ways follow, and even in all other Proportions; for 
if the middle Square of the little one is the Cauſe 
that the Croſs does not bear a Weight double tb 
that which the Liſt will bear, the great Square will 
alſo produce the ſame Effect. ot 
Theſe Rules are of uſe for brittle Solids, as dry 
Wood, Glaſs, Marble, Steel, &c. 
But for ſupple and pliable Subſtances, that are 
broken by Traction alone; as Paper, Tin, Ropes, C. 
other Rules are neceſſary, of which theſe following 
are the chief. 14 3 * 310107 e e 


RULES fer plant and duffite Solids. 


Liſts of Paper, Tin, and ſuch kinds of Bodies, break 
equally, whether they be long or ſhort. Th 
2 
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The EXPLANATION. 


B C (Þg. 106.) is a Liſt of Paper paſted, or of 
Tin nail'd upon the two Supporters E G, FH, the 
Length CB being unſupported ; a little Stick, as IL, 
is laid at the Middle upon the Lift; and to each 
End of the Stick that comes our a little beyond the 
Sides of the Paper, are little Cords fix'd to ſuſtain 


the Weight P; for if a Cord were put upon the 


Liſt of Paper, it would plait it or cut it. The Lift 
being of Paper 6 Lines wide, broke by a Weight of 
4 Pounds. 
Another ſuch Lift broke in like manner, when 
the Supporters were at half the Diſtance ; and when 
being twiſted at both Ends, round the two little 
Cylinders G H, MN, a Weight was faſten d to the 
Cylinder below, by means of two little Cards, 
(as you ſee Eig. 99.) the Lift broke likewiſe by a 
Weight of 4 Pounds. | 

Some object, that the Cords K Z ſuſtain a Part 
of the Weight, and that that Weight does not con- 
tribute to break the Liſt I L; but 'tis evident, 
that the Lift carries all that is below it, whether 
the Cords ſtretch or not; and to prove it, I made 
the following Experiment. LE. 

A Braſs Wire turn'd into a Worm or Screw, and 
ſuſtain'd by the Hand at A (Fig. 107.) having the 
Weight C ſuſpended at the End B, was extended in 
ſome meaſure by this Weight, more or leſs, according 
as it was more or leſs heavy, but all the Diſtances of 
the Spires were perfectly equal; and when the 
Hand was held at D, the Diſtances remain d till 
the ſame, without any Alteration ; which ſhew'd 
plaioly, that the Extenſion of the ſuperior Spires, 
when the Suſpenſion was at A, did no way mw 
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the Force of the Weight, with reſpe& to the infe- 
rior Spires. The ſame thing happens to a long 
Rope that ſuſtains a Weight; for all the Parts ſuffer 
che ſame Extenſion, the upper Parts not diminiſhing 
the Extenſion of rhe lower; and a long Rope and 
2 ſhort one always ſupport the ſame Weight, urileſs 
that in a long Rope there may happen to be ſome 
faulty Place, in which it will break ſooner than in a 
ſhorter. : e 

The ſame thing will happen in ſmall Slips of 
Tin; for in a long one there may be perhaps ſome 
Defect that may not be in a ſhort one; and if you 
ſnould take that Part of it which did not break, it 
would ſuſtain a greater Weight, becauſe the Defe& 
_ be remov d: I have made ſeveral Experiments 
of it. „ 

A ſmall Slip of Tin 3 Lines; wide ſupported 
100 Pounds, without being broken, and broke by 
130, and 128; and being drawn perpendicularly 
downwards, it did not break with 120; but it 
broke with 123 in a Place where there was ſome 
Flaw ; you mult judge that it would have ſupported 
more, had it been drawn direCtly, and there had 
been no Defect in it. N * 

A Slip of Tin 4 Lines ; wide, having 5 Inches 
unſupported in the little Frame, did not break by 
180 Pounds; nay, it was not broken by adding 
more Weight. 1 
A iſt or Slip of Paper 6 Lines wide being paſt- 
ed at both Ends, upon the two oppoſite Sides of 
a ſquare Frame, 5 Inches within the Work, was 
broken with 4 Pounds 3 Quarters ; and you mult 
have added 4 Ounces to break ſuch: a one, drawing 
it perpendicularly downwards. Two 'others like- 
wiſe of 16 Lines were broken by 4 Pounds, _— 
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them; of a Minute with the Weight upon them, as. 


well in the great Frame, as in the ſmall one. | 
Another Slip of Paper of the ſame Strength, 6 
Lines and; wide, was broken by 4 Pounds; it was 
laid upon the ſame Frame as well in the one as the 
other : There were three Strings that bore a little 
Bucket, and another String below it, that was 
ſuſtain'd aboye by a little Stick, In this Bucket we 
_ Weights by little and little, till the Paper 
broke. > git du; 7 
I paſted ſome Paper in the great Square of 9 
Inches within the Work; and in the little one of 5 
Inches in the clear, as Windbw - Frames are 
made; on the Middle of the great Paper I laid a 
round Piece of Leather of 3 Inches 4 Lines; and 
upon this Leather a Lead Weight of 4 Pounds; 
whoſe Baſe that reſted upon the Leather, was but 
2 Inches and a half in Diameter; I heap'd ſeveral 
Weights upon the Firſt, and the Paper did not break 
till 42 Pounds were laid on. "—w_ 
The other Paper upon the little Frame broke 
with 32 Pounds, but the little Piece of Leather 
was only an Inch 4 wide, on which the firſt Weight 
was laid. i f 15218 * 
ITI o compare theſe Experiments with each other, 
and with the Slips of Paper, the Breadth of the 
Leather that lay in the great Frame, being 3 Inches, 
and the Baſe of the Weight two Inches and a half, 
the Leather therefore did not lie very cloſe towards 
the Edges; and you may ſuppoſe that the Breadth 
of the Slip which the Diameter took up, was 5 
times greater than that of the Liſt of 6 Lines, which 
had ſu 4 Pounds; and taking another croſs 
Lift C D, of the ſame Breadth (Fig. 109.) if the 
firſt A B ſuſtain d 20 Pounds, the Quintuple of 4 
Pounds, both ſuſtain'd 40; the 2 Pounds more 
| were 
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5 were ſuſtain'd by the 4 Diagonal Liſts, E GR F, 
which ſuffer very little, for the Reaſons above- 
mention'd, with reſpect to the little Cords, becauſe 
they are longer than the other; and do not ſtretch 
| as far as is neceſſary to break them. In the little 
| Frame, the Lift A B was but 3 times and a half 
broader than the Liſt of 6 Lines; it ought then to 
ſuſtain 14 Pounds, and the 2 croſs Liſts 28 Pounds: 
The 6 Pounds remaining, were for the 4 Diagonal 
Liſts ; and. tho' this be more in Proportion than in 
the great one, that proceeds from the Inequality: of 
the Matter, whoſe abſolute Refiſtance is lets in one 
Place than another. If both the Weights had been 
equal in both Squares of Paper, they ought to have 
born the ſame Weight, and both ſhould. have broken 
betwixt the Weight and the Frame of Wood. = 
After having made many ſuch Experiments as 
theſe, I made ſeveral of them upon Pipes full of 
Water; I caus'd a Pipe to be made of 50 Foot, 
ſuch as was before mention d; and having ſolder'd 
it in a Cylindric Barrel of a Foot, ſhut cloſe on all 
fides, I laid the Barrel upon 3 Props. © ON 
The Baſes were of Copper Plates, a Line thick, 
and the Circumference was of Tin: The aſcending 
Pipe, 5 Inches wide, was ſolder'd in a Hole made 
in the Middle of the upper Plate; and the Cylin- 
dric Surface of the Tin was ſolder'd with the Plates, 
after this manner. A B (Eig. 109.) repreſents the 
Diameter of the upper Plate; the little Squares 
C and D the Thickneſs of a Wire that went all 
round the Tin thar made the Caſe joining the Plate, 
and ſerv d to ſolder it the better to it; EE is the 
Tin Pipe 50 Foot long, the lower Plate was ſolder d 
with the Tin Caſe as well as the upper: I fill'd both 
the Barrel and the Pipe with Warer; when it was 
full up to the Top, the Plates bent ta a Convexity, by 
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the Weight of the Water; and as it acted as a Le: 
ver, the End of which was G, and the other Bra. 
chium the Breadth of the Solder, upon the End of 
the Tin, and on the Breadth of the Wire, the Sol- 
der undid by this Effort, the Parts neareſt to G ſe- 
ting the firſt: The Space unſolder d was 4 
nches, thro which all the Water tan out; we ſol- 
der d it again, and the lower Plate unſolder'd in 
the Experiment. I caus d another Barrel to be 
made, in which the Tin being laid upon the Plates, 
enclos d them within, and was well ſolder d to em; 
we afterwards increas d the Height of the aſcending 
Tube to 100 Foot, and it continued full of Water a 
pretty long time before it broke; but at laſt one of 
the Solderings of the Caſe open d at the Bottom, as 
from S to R, and tore ſlantwiſe from R to T; the 
Plates were bent above an Inch, but their Solder, 
with the Tin, did not break; becauſe acting like a 
Lever, as in the firſt Experiment, and even more 
ſtrongly, by reaſon of the greater Effort of the Wa. 
ter, the ſolder'd Part of the Tin roſe along with it, 
and ſo could not unſolder. We kept Water in this 
Pipe a long time 80 or 90 Foot high, but nothing 
broke; and becauſe the Water 100 Foot high acted 
upon this Caſe of Tin as if the Pipe had been a 
Foot wide, quite up to that Height, as was prov'd 
in the Diſcourſe of the Equilibrium, you may be cer- 
tain that a Tin Pipe 80 Foot long, and a Foot wide, 
will not break, being full of Water. 

I afterwards made uſe of a Barrel of Lead, in- 
fead of one of Tin; it was two Lines and a half 
thick, a Foot broad, and 18 Inches long ; but it 
was ſwell d out like a Hogſhead, till it met with 
flat Plates of Lead about 8 Inches wide, and of the 
ſame Thicknefs of two Lines and a half: The Sol- 
derings lay over the Plates half an Inch, and Iike- 
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wiſe one that was laid on and Join'd the Plates, ſo 
that they were above an Inch broad, and they were 
above 8 Lines high; we fill d the Pipe of 100 
Foot with Water, and the two Plates bent round 
more than an Inch, but nothing broke; for the ſol- 
dering roſe with the reſt, and the Thickneſs of the 
Lead was too great. There is a kind of Porous 
Lead that would have let ſome ſmall Threads of 
Water paſs thro', which I once ſaw an Experiment 
of in a Barrel of a Foot and a half, and two Lines 
thick, tho' the aſcending Pipe was but 15 Foot. 
Laſtly, To finiſh the 1 I caus'd the Bar- 
rel to be ſcrap'd, and fill'd in the Middle to the 
Height of about 6 Inches, and the Breadth of 4. 
and when its Thickneſs was reduc'd to a little leſs 
than a Line in the Middle of the fill'd Part, then 
the Lead ſwell 'd in this Place, and a Slit was made 
| 3 Inches long, thro' which all the Water ran our. 
' You may then ſecurely make uſe of a Pipe of 100 
Foot, 12 Inches wide, and of the Thickneſs of two 
Lines, or even of a Line and a half, if the Lead be 
7 good. The Reſiſtance of the Tin Barrel may be 
| thus explain d: You muſt confider it as a Liſt of 
| Tin a Foot broad, that muſt be broken by being 
torn. Now this Liſt is 24 times broader than that 
of 3 Lines, that ſupported 120 Pound, it ought 
then to ſupport 445 times more, pretty near; and 
becauſe the Water in the Pipe then weighd 5500 
Pounds; for you muſt confider it as if it were of 
the Breadth of a Foot, to the Height of 100 Foot; 
and a Cylindric Foot of Water weighs 55 Pounds, 
which being multiply'd by 100, give 5500; 45 
times 120 make 5400, and conſequently the Pro- 
portion is pretty juſt ; and if the Solder had been 
good throughout, the Barrel would {till have born 
100 Pounds, or the Height of two * 
| ater. 
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Water. You muſt confider, that you are to have 
no Regard to the Weight's being diſtributed thro? 
the whole, tho''it be to tear it. If you would 
know the Proportion of the Refiſtance of other 
Pipes, obſerve the following Rules: The Plates are 
ſuppos d to be pretty ſtong. 1 


RULE I. 


If the Height of the Reſervatory be double, you 
will have double the Weight of Water, and conſe- 
quently the Metal of your Pipe muſt be twice as 
thick, that it may have twice as many Parts to ſe- 
parate. If the Diameter of the Pipe be twice as 
great, yvu muſt have twice the Thickneſs; for the 
ſame Parts of the Tin will be no more chang d, 
and they are only double. 3. 


RULE II. 


If the Plates be the weakeſt Part, and the Breach is 
to be made in them, ſuppoſing them of caſt Iron, 
or ſome other ſoure and brittle Matter, when the 
Pipes are 4 times the Height, you muſt only double 
the Thickneſs of the Metal, as was before prov'd ; 
for then the Plate breaks as a Lever, and the 
Counter-Lever, or other Brachium, becomes twice 
as great, and there are twice as many Parts to ſepa- 
rate. The ſame thing will happen, if the Diameter 
be double; for it will have 4 times as much Weight. 
You muſt then only double the Thickneſs ; beſides 
theſe different Plates are able to ſupport the ſame 
Weight, but the Weight being quadruple, you 
mult double the Thickneſs ; and if the Height and 
Breadth of the oy together be greater, you muſt 
fieſt calculate the Height, and then the Breadth, 2 
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in the Example above. You muſt double the Thick- 


neſs by reaſon of the quadruple Height, and double that 
again on account of the quadruple Surface of the Baſe, 
therefore you are to quadruple the Thickneſs of the 
Plate ; but when it is of Tin, or very yielding 
Copper, if the Reſervatory be 4 times higher, there 
will be 4 times more Weight, there muſt be there- 
fore 4 times more Thicknels ; and if the Diameter 
be double, there will be ſtill 4 times more Weight, 
and you mult again quadruple the Thickneſs, which 
will make 16 Thickneſſes. Thus if the Thickneſs 


of half a Line of Copper can ſupport Water in a 


Tube 60 Foot high, and 4 Inches Diameter; if 
the Height be increas'd to 240 Foot, and the Dia- 
meter 8 Inches, you muſt have 8 Lines Thickneſs of 


Copper. 


It is always better to make the Pipes a little 
thicker, than according to the Calculation; for it 
often happens, that the Matter of which the Pipes 
are made is faulty. I have ſeen Pipes of Conduct 
made of caſt Iron, 4 Inches Diameter, and 3 Lines 
thick, which were made up of ſeveral Pipes Join'd 
together for the Pipe of Conduct, which broke, be- 
cauſe in the caſting there were Hollows, or Honey- 
Combs made in them, and the Metal was faulty in 
thoſe Places : I have likewiſe ſeen the Water 
ouſe thro' their Pores at the Beginning; but aſter- 
wards the Pores clos'd by the foul Particles that the 
Water carries along with it, and they were ſervice- 
able for the future. 
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Dice v's 8 III. 
Of the Diſtribution of Water. 


TS divide Water into ſeveral Jets, and to know 
how much it will give to each, which may 
Hkewiſe ſerve for the Diſtribution of the Water of a 
Spring to ſeveral Perſons, you muſt have a Gauge, 
whoſe Holes muſt be ſquare, and not round. 

As AB (Fig. 110.) is the Height of the Veſſel 
that ſerves for the Gauge, and C D the Height of 
the Water, you muſt place the ſquare Holes about 
2 Lines below the Surface C D, in an horizontal 
right Line EN. Now if this Gauge be divided 
into ſeveral Squares of an Inch every way, as E F 
P H, Cc. they will give more than an Inch; for if 
the circular Holes give 14 Pints in a Minute, the 
{quare ones will give a Quantity that will be to 14, 
as 14 to 11 ; Which Proportion of 14 to 11, is 
pretty near that of a Square to a Circle of the 
ſame Diameter: If then a round Inch gives 14 
Pints in a Minute, a ſquare Inch will give almoſt 
18 Pints ; for 11 is to 14, as 14 to 17 f; therefore 
you muſt divide E F into 14 equal Parts ; and if 
E R contain 11 of thoſe Parts, the long Square 
ER SH will be very near equal to a circular Inch, 
and it will give an Inch, that is to ſay, 14 Pints in 
a Minute, if the Water in the Gauge Veſſel con- 
tinues at the Height C D. You may make _ 

Oles 
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Holes regularly following each other, equal to ER 
S H, under the fame Line EN, as RL TS, LM 
UT, Oc. and if you would give half an Inch, you 
mult divide one of theſe long Squares, as O Q 1G, 
by a middle Line X V, and each half will give half 
an Inch; that is to ſay, 7 Pints in a Minute; and 
all the other Divifions the ſame, if you rake the 
Third, as IK Z Q., or the Fourth, c. There 
will be this further Ad vantage, that if the Water 
that ſupplies the Pipes diminiſhes, and paſſing thro 
ö them, fills only a Third, or the Half, or two Thirds 
ä of the Height of the Holes in the Gauge, every 
| Perſon will loſe in Proportion, which cannot be 
| when the Holes are round; and if there be a little 
more Friction in the little Holes than in the great 
ones, the Water ſupplying the Expence through 
a narrow Paſſage better than a wide one, will com- 
_— that Defect. If you would give 3 or 4 
nches, you muſt taxe 3 or 4 entire Holes, each 
equal to ERSH, aSL TUM, but you muſt 
make a little Separation, and have ſome Diſtance 
betwixt the Holes, when you give but an Inch to 
each Perſon ; for their Waters would be confounded 
together, if there were but 2 or 3 Lines betwixt 
them ; the Entrance into each Pipe muſt be wide 
enough to receive the Water of each Diviſion. 

You may diſtribute a Spring to ſeveral Perſons in 
a Town, in this manner. 

I ſuppoſe that the Spring gives 40 Inches of Wa- 
ter in the Summer, and 50 Inches in the Winter, 
and 55 at other times. You muſt make ſeveral Re- 
ſervatories, as FG HI (Fg. 11r.) where the Water 
may diſcharge it ſelf. 

In the firſt, which ſhall be the greateſt, you muſt 
let the Water riſe to a determinate Height, as A B, 
where there muſt be a Paſſage for the Water to run 
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further on, and Holes for the firſt Diſtribution, as 
at C DE, a Foot below A B: Theſe Holes may be 
wide enough, taken together, to let 20 Inches paſs thro?, 
and the 25 remaining Inches will paſs above A B. It 
is evident, that when the Water is ſtrongeſt, the Ele- 
vation of the running Water will be greater above 
AB, and when the Water is weaker, that Elevation 
will be leſs; but not above an Inch at moſt : So 
that when the Water that goes into the Reſervatory 
is 50 Inches, 20 and a half of them will go thro' 
the 3 Holes; and only about 19 and a half will paſs 
thro' them when the Water gives but 40 Inches. 
We will do the ſame in reſpect of the Water that 
alles above A B, and that that paſſes thro' the 
oles ; and make little Reſervatories in other Parts 
of the Town, where we will diſtribute to particular 
Perſons the 25 Inches, and the 20 Inches ; always 
obſerving to make the Holes 12 Inches, or at leaſt 10 
Inches below A B. At laſt it will happen, that during 
the great Plenty of Water, there will remain 5 or 6 
Inches of Water, which may be given to the Pub- 
lick, in ſome unfrequented Place, for particular 
Uſes ; and this Water will remain only during the 
great Plenty of Water; which may be obſerv'd alſo 
in the other Conduits, as C D E: For there will be 
always ſome Remainder for the Service of the Town ; 
either for Fiſh-Ponds, or other Receptacles for Wa- 
ter, that are kept a long time without any Addition 
of freſh Water, and which may be ſupply'd from 
time to time; the reſt will be equally diſtributed 
at the Rate of 45 Inches, only they will have 
ſcmetimes a little leſs, ſometimes a little more. 
Frontinus, a Roman Author, has diſcours d of 
theſe Condutts of Water after another manner. 
What we call an Inch, he calls Quinuria; but his 
Quinaria was a little lefs : His manner of applying 
2894. | wat 
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what he calls Calix, at the Bottom of which there 
was a little Pipe of the Bigneſs of his Quinaria, 
does not ſeem to be juſt ; and ir would be bet- 
ter to conduct 10 Inches to ſome Part of the Town, 
if the Perſons in that Part want only 10 Inches, and 
to diſcharge them into a long Reſervatory, where 
ſuch a Gauge as I have mention'd may be apply d, 
that ſhall give an Inch or half an Inch, according 
to what is got; 2nd when there are Perſons that 
would have only a Line, which is the 144th Part of 
an Inch, or'2 Lines, which is the 72d Part of an 
Inch, then you muſt make the Gauge different from 
that before mention d. There muſt be made a little 
Reſervatory apart, wherein the Water muſt run ſo 
as to lie always 5 Lines above the Holes; and ha- 
ving made a ſquare Hole, whoſe Side is 4 Lines, 
take away g of its Breadth, leaving the whole 
Height of 4 Lines, which will give the 9th Part of 
an Inch, that is 16 Lines. Half that Breadth will 
give 8 Lines, and a quarter of it 4 Lines; or elſe 
you may make the Water to lie 6 3 Lines above a 
Hole of a Line ſquare, from the Breadth of which 
you muſt take 2, to have the exact Contents of a 
round Line, which will exactly give ;4; of 14 Pints 
in a Minute, and 144 Pints in 24 Hours, of ſuch 
Pints as are the 36th Part of a Cubic Foot. If you 
double the Breadth, you will have 2 Lines, which 
will give a Maid or Hogſhead in 24 Hours, or 12 Pints 
in an Hour, and 3 Pints in a quarter of an Hour; 
and to be ſure that ſuch an Opening gives neither 
more nor leſs than two Lines, you muſt count the 
Time in which the Water running thro' it will fill 
a Quartern; if it does it in 75 Seconds, the Quan- 
tity 4 is exact. You muſt let this Quan- 
tity of Water run in Pipes of an Inch Bore at leaſt; 
for they might be ſtopp d up in Time, if they 
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we:e leſs z and every 10 Years Care muſt be taken 
that the Gauge Holes do not fill with a ſtony Sub- 
ſtance,” which fixes to the Edges of the Holes; 
which, in ſuch Caſe, muſt be made a- new. 

When the Conduct Pipes are not large enough, a 
fine Mud ſettles in the loweſt Part of them, which 
will ſubſide even from the cleareſt Water; and at 
laſt, as it hardens, it will wholly fill up the Pipe: 

Therefore it will be neceſſury now and then ro open 
them at the loweſt Places, ſo as to make the Water 
run out with Violence, and it will bring out this 
Mud along with it, provided it be nor yet petrify'd. 
If a Conduct-Pipe is to be carried over ſome 
riſing Ground, there muſt be a ſinall Pipe ſolder d 
to it in the higheſt Place with a Cock to it, that is 
to be open d now and then to let out the Air; 
which being drawn down with the Water, ga- 
thers in the upper Part of the Pipe, and being 
condens'd by the Water that compreſles it, comes 
out in Bubbles, and ſtrikes ſometimes with ſuch Vio- 
lence againſt the Conduct-Pipe, as to to crack it, if 
it be not ſtrong enough to feſiſt; or breaks pieces 
out, if it be made of any brittle Subſtance. 


* 
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ADVERTISEMENT 2. 


7 HE following Rules ( not Printed with the French 

Trvotiſe ) were drawn up by Monſiaur Mariotte, for 
the ue of Monſieur de Louvois ; and tho a great Fart of 
them is taken out of the foregoing Book, I thought they 
would not be unacceptable to the Reader ; becauſe this 
Appendix does not only give a Summary of the Book at 
one View, but ſuppltzs us with what was wanting in order 
to Pradtice, and conld not be. had without comparing ſeve- 
272 Experiments, and making ſome troubleſome Cal- 
40. | 
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of ibe Expence of Water thro different 
Ajutages, or Sponting Pipes, accord- 
ing to the different Heights of the 
Reſervoirs, or Ciſterns. | 


Cubic Foot*of Water weighs 70 Pounds, and 
contains 36 Pints (Paris Meaſure) when they 
are juſt fill'd; but if the Water rifes above the 
Brims, as it may do without ſpilling, then a Pint 
will weigh two Pounds, and ' 35 only will be con- 
tain d in a Cubic Foot. The Paris Muid, or Hog- 
ſhead, contains 28c of theſe Pints, and 288 of the 
others. | n 
An Inch of Water is the Quantity of Water which 
runs thro' a circular Hole of an Inch Diameter, ver- 
tically made in one of the Sides of a Veſſel, when 
the Surface of the Water which ſupplies the run- 
ning out, always. remains at the Height of one Line 
above the Hole, that is, 7 Lines above the Center of 
it, without rifing or finking. In one Minute 28 
Pounds of Water, or 14 Pints, of two Pounds each, 
will run thro' ſuch a Hole. The Water's Surface 
does, indeed, ſtand ſomething lower, juſt ar the Hole 
immediately over it, than it does in the teſt of the 
Veſſel, whete it muſt - one Line higher; for if 


264 4 Treatiſe of 
it was only a Line higher than the Top of the Hole 
in the other Parts of the Veſſel, it would fink juſt at 
the Hole, not touch the upper end in running out, 
and only give about 13 Pints ; in a Minute. 
If you would know what is given by circular 
Holes that are leſs, as by an Hole of half an Inch, or 
a quarter of an Inch Diameter; you muſt fix them ſo, 
that their Centers ſhall be 7 Lines below the Surface 
of that Water which was one Line above the Top of 
the Inch-Hole, which is mark'd by the Line FF, as 
you ſee in the 112th Fig. where the Centers AB CD 
of the different Holes are all in a Line parallel to FF, 
and not as in the 113th Figure, where their upper 
Edges are at equal Diſtances from the ſaid Line F F. 
Now if the Hole B is 6 Lines in Diameter, its Area 
will be but the fourth Part of that of the Inch-Hole, 
and ſhould give but the fourth Part of 14 Pints in a 
Minute; but yet it gives the fourth Part of 15 Pints, 
tho' the whole Surface of the Water in the Veſſel 
be but one Line above the Top of the Inch-Hole, 
which happens for ſeveral Reaſons given in the fore- 
going Treatiſe. The firſt is, that the Water does 
not fink ſenfibly above theſe little Holes, but is 
nearly even with the other Parts of the Surface 
whereas when the Inch-Hole is open, in order to 
have the Water be 7 Lines above the Center of this 
Hole juſt over it, it muſt be above 8 Lines above it 
in the other Parts of the Veſſel; for there muſt be 
4 times more Water to ſupply the running of a 
Hole of 12 Lines than of a Hole of 6. Whence it hap- 
pens, that the Water which ſucceeds that which runs 
thro* the great Hole, comes from a greater Diſtance, 
and conſequently cannot ſucceed ſo eafily ; beſides, 
there is but one Line of it above the Hole, whereas 
there are 4 Lines of Water above the little Hole, 
_ which makes it ſucceed faſter, Moreover, it is very 
Py eee 
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hard to make Experiments which will exactly deter- 
mine how much Water runs out; for one may err 
in the Bigneſs of the Hole, the Height of the Wa- 
ter in the Veſlel, and the Time of rhe running our, 
Beſides, horizontal Jets give ſomething more Water 
than thoſe which ſpout upwards, and ſomething leſs 
than thoſe that ſpout downwards. 

To determine rightly what an Inch of Water is, 
and to facilitate the different Computations accord- 
ing to the different Holes and Poſitions of the Aju- 
tages, you may ſuppoſe an Inch of Water to give 
14 Pints or 28 Pounds of Water in a Minute; and 


upon this Suppoſition I have made the following 
n 

A Pendulum 3 Foot 8 Lines - long, from 
Center of Suſpenſion to the Center of = Ball. = 
vibrate once in oe Second, and therefore 60 times 
in a Minute, BI 1 

If you would know without a Gage what bs: 
tity of Water a Spring gives, you — — 
Water of it in ſome great Veſſel; and if in half a 
Minute, or 30 Seconds, it gives 7 Pints, we may ſay 
that it gives an Inch of Water; if it affords 21 
Pints, that it gives 3 Inches of Water, Oc. 

According to this, an Inch of Water will give 2 
Paris Hogſheads in an Hour, and 72 in 24 Hours. 
A Hole ot a Line Bore is the 144th Part of an Inch 
Bore, and it gives half a Hogſhead in 24 Hours; 
two Holes of a Line each will give a Hogſhead; 
and a Hole of 3 Lines Diameter, which is equal 
to 9 Holes of one Line Diameter, will give 4 
Hogſheads in 24 Hours. 

It has been found by ſeveral Experiments, that a 
Re ſerpoir, which is 13 Foot high above the Hole of 
an Ajutage of 3 Lines, will give an Inch of Water, 
that is, 14 Pints in a Minute, as it ſpouts upwards. 

And 


= . = —ꝛ——— — 
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And this we take for our Foundation, in confidering 
the Expence of Water of other Jets. DP 
Wen the Reſervoirs have the fame Height, but 
different Ajutages, their Expence of Water is in the 
the ſame Proportion as the Holes of the A jutages; 
that is, as the Squares of the Diameters of the Holes. 
Thus if a Reſervorr of 13 Foot has an Ajutage of 6 
Lines Diameter, it will give 4 Inches; and if its 
Hole is one Inch Diameter, it will then give 16 
Inches in ſpouting upwards, provided that the Pipes 
which bring down the Water be of a ſufficient 
Bore, according to the Rules which ſhall be here- 
after given. In order to calculate the Expences of 
Water, take the Square of 3, which is 9; and if 
the new Ajutage has a Diameter of 5 Lines, you 
muſt work thus by the Rle of Three , ſaying, 


If 9, the Square of 3, gives 14 Pints, what will 25, 


the Square of 5, give? And you will find for your 


Fourth Number, 38 5, c. Here follows a Table 


of theſe Proportions. 


A Table of the. Expence of Water in a Minute, thro 
ſeveral round Ajutages ; the Water in the Reſer- 
voir ſtanding at the Height of 12 Feet. 


Thro' an Ajutage of 1 Line Diameter, 1 Pint; and ;, 


Thro' 2 Lines 6 Pints 3. 
Thro 3 Lines. 134 Pints. 
Thro 4 Lines 25 Pints nearly. 
Thro' 5 Lines, -' - - 30 bints nearly. 
Thro' 6 Lines J Pins. 
Thro' 7 Line , 6 Pints 3. 
Thro 8 Lines 110 Fints 
Thro' 9 Lines, „„ ↄ ö 


if 
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If you divide theſe Numbers by 14, the Quotient 


will give the Inches of Water: Thus 126 Pints, di- 
vided by 14, give 9 Inches. It may be objefted, 


that in ſome Experiments, great Holes give more 


Water in Proportion than ſmall ones; but that hap- 
pens. by reaſon of other Cauſes, and often great 
Holes give leſs in Proportion. I made the follow- 
ing Experiments of it. I took a Pipe 6 Foot high, 
and 6 Inches Diameter, at the Bottom of which 
I fix d a Hole of 4 Lines, and one of 12. When 
the Pipe was full, two Holes were open'd at the 
fame time, till the Pipe was half emptied. The 
Water that ran out at the two Holes was receiv'd in 
two different Veſſels; and whereas the great Hole 
ought to have given nine times more than the little 
one, it gave but about 8 times more. 

When the Heights of the Water in the Reæſervoirs 
are different, the higheſt give more than the others 
in a ſubduplicate Ratio of the Heights; that is, as 
the leaſt Height to the mean Proportional betwixt 
it and the great Height. 

According to this Rule, if the Surface of the 
Water of the loweſt Reſervorr is 3 Foot high, and 
the Ajutage 3 Lines, you muſt take 6, which is 2 
mean Proportional between 3 and 12; and becauſe 
6 is to 3, as 14 Pints to 7, therefore we may con- 
clude that a Reſervoir 3 Foot high will give half an 
Inch, that is, 7 Pints in a Minute thro an Hole of 
3 Lines. If the Height was of 4, you muſt take 
48, the Product of 4 by 12, whoſe Root is 7 
nearly; then as 12 to 7, ſo is 14 to 8 and ;; which 
ſhews that ſuch a Jet will give about 8 z Pints in 3 

te, . 11 Nis 
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A Table of the Expence of Water in a Minute from 


Reſervoirs of different Heights, the Ajutage having 
4 Bore of 3 Lines. | 


An Height of 6 Foot gave - 10 Pints nearly. 

of 8 - - - - 11 ; neatly. 
of o - - - - 12 ; nearly. 
of 10 - - - 12; nearly. 
of 12 - - - - 14- | 
of 15. = - - .- 15 i nearly 
of 18 TY OE 175. 
181 
03 
9% - - - 224 
of 235 - - - - 24 nearly 

as :-j|- - -. 3h 
as -| - - -. 27+ 1 
of 9 - - + 2 1Inches, or 28 Pints. 


When the Reſervoirs are above 50 Foot high, the 
Ajutages of 3 Lines are too ſmall, and the Expence 
of Water becomes ſenſibly leſs than in a ſubdupli- 
cate Ratio of 12 to 60 or 80, &c. as well on account 
of the greater Friction proportionably, as the greater 
Reſiſtance of the Air. | 
When the Water does not ſpout ſo high as it ought 
to do, either becauſe the Pipes of Conduct are not 
big enough, or for any other Reaſon, we muſt compute 
the Expence of Water according to the Height of 
Reſervoir which would produce ſuch a Jet, agreeable 
to the following Table: As for Example, if a Reſer- 
voir of 45 Foot ſhould throw up its Jer but 20 Foot, 
you muſt compute the Expence of Water as if it 
was ſupply'd from a Reſervorr 21 Foot 4 Inches high. 
Ajutages of 1 + Line do not ſpout ſo high as _— 

0 
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of 4 or 5 Lines, when the Reſervorr is 8, 10, ' r 
12 Foot high, Cc. But yet we muſt compute the 
Expence of Water according to the Height of the - 
Reſervoir when the Conduct of the Water is free 
and big enough. Sometimes in making Experiments, 
we find, that when the Pipes are very unequal, the 
biggeſt give more Water than according to the ſub- 
duplicate Ratio. But the Reaſon of this is, that in 
order to ſupply a Jet which ſpends a great deal of 
Water, you muſt pour in the Water with great 
Swiftneſs, which gives a Shock to the Water of the 
Veſſel, or artificial Re/ſervorr, and by that Impulſe 
makes the Water go faſter out at the Ajutage than it 
would do by the Weight of Water from a real 
Reſervorr.. | 


Concerning the Height of Jets. 


The Reſiſtance of the Air hinders Jets from rifing 
up to the Heights of the Reſervorrs ; and the more 
Air is to be paſs'd. thro', the more ſenſible is that 
Refiſtance. Here follows a Way of determining this 
Diminution of Jets from the Height of rheir Re- 
eruorr. ; ES | 2 

Take a Ball of Lead of about one Inch Diameter, 
and a Ball of Wood of about the Diameter. of the 
Hole, and whoſe ſpecific Gravity is ſo little leſs 
than that of Water, that when it ſwims in Water, it 
may be almoſt all cover d: Throw them up. with 
the ſame Force, in ſuch manner that the Ball of Lead 
may go up as high as the Reſervorr, or very near; 
then obſerve where the Ball of Wood will go, and 
that will be nearly the Height of the Ręſervoir. 

Another Way by Calculation, is built upon this, 
That the Differences of the Height of the Re/er- 
zoirs, and of the Heights of the Jets increaſe in a 


© od 


— 2 


270 4 Treatiſe f 


ſibduplicate Ratio of their Heights: As for Exam - 
ple, if the firſt Jet riſes 5 Foot, and its Reſervoir 
is higher by an Inch, a Jet of 10 Foot will have its 
Reſervoir higher by 4 Inches; for 5 is to 10, as 1 
to 2, and the Square of 2s 4 therefore as 1 is to 
45 ſo is 1 Inch to 4 Inches. In this Caſe it is ſup- 
pos d, that the Pipes are ſufficiently large, according 

to the Rules which ſhall be given. | 


A Tab of the different Height of Jets. 


Height of the ets, Height of the Reſervoirs. 
Feet. Feet. Inches. 

„ CCC 
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The Friktion againſt the Sides of the Ajutages 


does ſomething diminiſh this Proportion in great 
Heights ; therefore it is neceſſary for great Heights 
that the Ajutages ſhould have a Bore of 10 or 12 
Lines Diameter; for if they were but of 2 or 3 
Lines, they would riſe to a much lefs Height than 
what is found in this Table; befides, the Air reſiſts 4 
little Body much more than it does a great one, as 
may be ſeen in Fire Arms, which ſhoot a great Ball 
much. farther than a little one, or than Shot or 
Lead-Duſt. If a Pipe 136 Foot high throws oo fig 
Jet 100 Foot thro” an Ajutage of 12 Lines; it does 
not follow that a Pipe of 344 Foot, ſhall, thro? the 

eight of 344 Foot exceeds that of 200 by 144, 
which is 4 times 36. In the Velocity of ſuch Jets 
the Air reſiſts ſo much, that the Water by the Shock 
is reduc'd into a Miſt, and ſo cannot riſe very high. 
I have alſo found by Experience that the Pipes muſt 
have a conſiderable Bore quite to the very Ajutage, 
and ſo much the larger, the bigger the Ajutage is, 
Here follow the Rules for that Purpoſe. 5 

A Reſervoir of 5 Foot, having an Ajutage of 6 
Lines, muſt have the Pipes cloſe to the Ajutage, 
about two Inches in Bore. The beſt Figure for 
bringing the Pipe to the Ajutage muſt beAs is repre- 
ſented in the 114th Fig. by A BC; that is, the 
Bend in B muſt not be at right Angles, as in the 
115th Fig. abcd. And for mean Heights, as far as 
10 or 12 Foot, there is no occaſion for a long Pipe 
at che going out of the Water, as cd, for the 
Friction would confiderably retard the jet; but the 
Thickneſs of the Meral is enough to be be be bor'd 
through, as in Fg. If the Reſervoir is 21 
Foot 2 Inches high, and the Hole of the Ajutage 6 

I Des, 


# . 


fie, Avage, ale its Jer 200 Foot, tho the 
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Lines, the Jer will not riſe to. 20 Foot, if the Con- 
duQ-Pi but a two Inch Bore, becauſe the 
Friction will be too great in that narrow Tube, where 
the Water will run twice as faſt as when the Reſer- 
voir was but 5 Foot high; and therefore it muſt be 
wider, that the Water may run down ſuch a Pipe 
to ſupply the Jet with the ſame Velocity : Then in- 
ſtead of 2 Inches, the Bore of the Pipe muſt be 2 
+ nearly; becauſe the Velocity being in a ſubdupli- 
ate Ratio of the Heights, the Velocity of this laſt 
Jet will be double that of the other, and conſe- 
quently the Square of the Diameter of the Bore of 
its Pipe muſt be double the Square of the Diameter 
3 _ other. On this Rule depends the following 

able. | | 


A Table of the Diameter of the Pipes and the diffe- 
rent Adjutages, according to the Height of the 
Reſervoirs. 


Height of the Diameters of the Diameters of 


Reſervoirs. Ajutages. the Pipes. 
3, 4, 5, or 6 Lines - 22 Lines 
4, 5, or 6 Lines 25 Lines 
15 - J, or 6 Lines - 2 Inches 
20 6 Lines 22 In. 
T K 1 
JJ [( +. - - FW 
40 - - 7,or8 Lines 4 In. 
30 383, or 10 Lines 5 ln. 
60 10, or 12 Lines 5 1 ot 6 In. 
80 — 12, or 14 Lines 6 or 7 In. 
rr. 


12, 14 or 15 Lines- 7 or 8 In. 
4 Table 
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If the Jet has an Ajutage of 12 Lines, and the 
Reſervorr 84 Foot high; the Jer will riſe to near 
55 Foot. If the leaſt Pipes near the Ajutage be of 
7 or 8 Inches Diameter, it will give near 48 Inches; 
and thro' an Ajutage of 14 Lines it will give 
54 Inches, which amount to 3888 Muids or 
Hogſheads in 24 Hours; and if the Rzſervorr be 50 
Foot ſquare, it muſt be about 13 Foot deep to ſup- 
ply the Jet 24 Hours; and to play it only 12 Hours, 
it may be but a little more than 40 Foot ſquare, and 
10 Foot deep, to contain 1944 Hogſheads. If the 
Jets do not play continually, and Cocks be fix'd ih 
the ConduQ-Pipes to ſtop the Water at Pleaſure, 
their Water-way muſt be equal to rhe Bore of the 
Pipes; for if it was leſs, their Friction would di- 
miniſh the Height of the Jer. The Pipes ſhould be 
wider in thoſe Places to admit of proper Cocks. 
When the Reſervorrs are very high, and the Pipes 
at bottom are of 5 or 6 Inches Diameter, they are 
in danger of breaking by the Weight of the Water; 
and the leſs their Bore is, with the more Difficulty 
they break when their Thickneſs is the ſame. The 
following Rules may be obſervd. Suppoſe that 
an Height of Re/ſervorr of 30 Foot cannot break or 
unſolder a Copper Pipe of ; of a Line thick, 
but that ir cauſes it to break when the Pipe is thin- 
ner, as only the 5th Part of a Line; if you make 
the Pipes wider, without raifing the Reſervoir, you 
muſt increaſe the Thickneſs in the Ratio of the Diame- 
ters; for on the one hand, the Weight of the Water is 
in a duplicate Ratio of the Diameters, wherefore if the 
Diameter is double, the Weight of the Water will be 
quadruple, and the ſolder d Circumference double, 
which renders the Reſiſtante double. Therefore there 
only remains the ſimple Ratio of the Diameters, if yon 
ſuppoſe that the Water, by by Weight, cauſes the _ 
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of the Metal and of the Solder to ſeparate from each 
other, as the Parts of a Stick, which ſhould be 
poull'd 8 Thus if the Pipe be 6 
ches Diameter for an Height of 30 Foot, the 
5 — will be half a Line thick; if it be a Foot 
Diameter, it muſt be one Line thick. 
When the Reſervoirs are higher, the Diameters of 
the Pipes remaining the ſame, the Thickneſs of the 
Metal is to be increas'd in direct Proportions of the 
Heights. Thus for a Reſervoir of 60 Foot, the 
Pipe being 3 Inches wide, muſt have a Thickneſs of 
half a Line; and · for a Reſervoir 120 Foot high, it 
muſt be a whole Line thick. | 
If the Pipes are both higher and wider, the two 
Proportions muſt be obſerv d. Thus if the Pipe be 
60 Foot high, and its Diameter 8 Inches, you muſt 
take half a Line, becauſe of its Height of 60 Foot; 
and for its Diameter you muſt work by the Rule of 
Three, ſaying, as 3 Inches are to 8 Inches, ſo is half 
a Line to 3; which ſhews that the Thickneſs of the 
Metal muſt then be 13 Line thick. 
lf you ſuppoſe the Solder to hold faſter than the 
Parts of the Metal, you may confider the Plate of 
Fi. 114, in which the Ajutage is, as the weakeſt 
Part, and which muſt break in its Middle, or near 
the ſolder'd Part, at the Edges; and becauſe a 
Wooden Ruler can, when it reſts upon both Ends, 
ſuſtain a Weight double of what it would do, if it 
was twice as long; and if the Weight be diſtributed 
along a Ruler in ſeveral ſmall equal Parts, it may, 
without breaking, ſuſtain twice as much as if the 
Weight was all in the Middle : It follows, that if 
the Plate was ſquare, and that it could be laden 
with a Height of Water of 20 Foot, without break- 
ing; it would be able to ſuſtain but half the ſame 
Weight if it was twice as long, and no wider; bot 
| 1 ating heed bf + 


then -it would be Jaden with twice as niuch Water 
and conſequggtly it would he able to ſuſtain bur 2 0 


it: Therefore according to the Doctrine of Galilæo, 


its Thickneſs ought to be doubled to make it ſtrong 
enough. The ſame thing would happen if it was 
round; for on the one hand the Weight of the 
Water would be doubled, but its Reſiſtance would 


be alſo doubled, and being round, it would reſiſt 


proportionably. rel Ws Fore. 
Therefore for Pipes of different Diameters, and 


equal Heights, you mult ini he Thickneſs 0 
the Metal of the Plate, © 7 Ajutage, ac- 
cording to the Ratio of the rs, if the Plate 
is the weakeſt Part. 

When the Water is carried a great way, as 1009 
Fathom, the Friction diminiſhes the Heiglit of the 
mn. and the Expence of Water, eſpecially if the 

ubes be too narrow. Theſe following Rules may 
be obſerv . 0: 3 

If you have a Reſervoir of 80 Foot, and Water 
enough to ſupply 6 ſets of 9 Lines each, you muſt 
take the Square of 9, which is 81: Its Product 
by 6, gives 486; whoſe: ſquare Root is about 22; 
which ſhews that the 6 Jets of 9 Lines each give as 
much as one ſmgle-one of 22 Lines. And becauſe a 
jet of 22 Lines Diameter gives much more Warer 


than one of an Inch; namely, in the Proportion of 


484 to 144, the Squares of 22, and of 12; the 
Diameter of the Pipe mult alſo be in the ſame Pro- 
portion in reſpect of 7 Inches, agreeable to an 
Height of 8 Foot. Therefore as 12 is to 22, fo is 7 
to 12 and s nearly; which ſhews that the great Pipe; 
ds far as the Place where it ir is branch d out to the 
ſeveral Jets, muſt be 13 Inches Diameter, and that 
each Branch muſt be a 7 Inch Bore; and in ſuch a 
Cate the; Jets will riſe _ than 66 Foot, and 
K1 2 the 
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the Jets will riſe to 65 Foot, notwithſtanding the 
long way that the Water is carried, if the main Pipe 
be 14 Inches Bore. Other Computations may be 
made according to the ſame Rules. 5 

In very high and large Jets, the Ends of the Pipes 
and their Ajutages muſt be pretty near in the man- 
ner repreſented in Fig. 116 at ABCD: For ſup- 
poſe the Pipe AB C to have 7 Inches Diameter, 
you muſt reduce it to half by narrowing the Pipe, 
and make the Part F D three or four Inches high; 
then make a ſeco owing quite to the Ajutage; 
and if its Hole i nch in Diameter, an Height 
of 6 Lines at rigWWMngles will be ſufficient for di- 
recting the Jet; and if it ſhould riſe but 50 Foot, 
3 or 4 Lines would be enough; for the higher D E 
is, the more will the Fer fall ſhort; and the 
fmoother the Bore of the A jutage is, the finer will 
the ſet be. | TV; 

To divide the Water for ſeveral Jets, and know how 
much you ought to allow for each, (which will alſo 
ſerve 95 diſtributing the Water of a Spring toſſeveral 
Perſons) you muſt have a Gauge-Vellel, whoſe Holes 
are ſquare, and not round : As for Example, if A B 
(He. 117.) be the Top of the Gauge - Veſſel, and CD 
the Height of the Water, you muſt have your ſquare 
Holes about two Lines below the Surface CD, along 
a ſtrait horizontal Line EN. Now if it be divided 
into ſeveral Squares an Inch high, as EF PH, thoſe 
Holes will give more than an Inch ; for if circular 
Holes give 14 Pints in a Minute, ſquare ones will 
give a Quantity which will be to 14, as 14 to 11; 
which Proportion of 14 to 11, i nearly that of the 
Square to the Circle, whoſe Diameter is equal to 
the Side of the Square. If then a round Inch, or 
Circle of an Inch Diameter gives 14 Pints in a 
Minute, a ſquare Inch will give almoſt 18 __ ; 
| or 
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for-1T is: to 14, as 14 Pints to 17 f. ou muſt 
therefore divide E F into 14 equal Parts; and if 
E R contains 11 of thoſe Parts, the Rectangle or 
long Square ERS H will be nearly equal to a 
round Inch, and will give one Inch of Water, that 
is 14 Pints, in a Minute, provided the Water of the 
Gauge-Veſſel is kept at the Height CD. You may 
make ſeveral Figures equal to ERS H under the 
lame Line, as RLTS,-LMVT, Se. If you 
would give half an Inch, you mult divide one of 
he ang Squares, as z 7 0g, into two Parts down 
the Middle by the Line X; and then it will give 
half an Inch, that is, 7 Pints in a Minute; and in 
other Diviſions you may uſe the ſame Method, 
taking a Third, as & ag, or a Fourth, &c. You 
will alſo have this Advantage, that if the Water of 
the Spring ſhould decreaſe, and fill but the Third, 
the Half, or the two Thirds of the Height of the 
Holes in the Gauge-Veſlel, every Perſon will want 
in proportion to the Quantity which they uſed to 
have; which can never happen when the Holes are 
round ; and if there be a lictle more Friction in pro- 
portion in the leſſer than the greater Holes, that is 
recompens d, becauſe the Water follows beſt to ſup- 

ly a ſmall running out. If you would give 3 or 4 
— take 3 or 4 entire Holes, each equal io 
ERSH, as EMVH, for the 3 Inches. 

Theſe Rules may be applied to any Difficulty that 
may ariſe concerning Jets d Eau. As for Example, 
if you have a Reſervorr or a Spring 40 Foot above 
an Ajutage, which can give 20 Inches, and you 
would employ it all to play one jet; you mult look 
at the Table, and you will find that an Ajutage ot 
3 Lines, having its Reſervorr, at the Height of 40 
Foot gives 25 Pints in a Minute. Then by the 
Rule of Three ſay; If 25 3 Pints are given by 9, the 
| 2 Squaic 
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Square of 3, what will 280 Pints (which 20 Inches 
give in a Minute) be given me by? And you will 

have 98 fl for your Fourth Number, whole ſquare 

Root is 10 nearly; and that ſhews that the Ajutage for 
ſuch a jet muſt be of almoſt 10 Lines in Diameter, 
and that in riſing 35 Foot, it will take the 20 Inches, 
It it plays FR But if you would have the 
Jet play only 12 Hours by Day, you may, during 
the Night, let the Water run into a great Keſervorr 
which ſhall hold 720 Muids, or Hogſheads, and 
have Water enough for a Jet of 14 Lines, or for 
ivo of about 10 Lines, to play 12 Hours together. 


. 
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ANNOTATIONS. 


Page 4. O underfland why this Aerial Mat- 

of gs a + ter, &c.] That the Particles of 
Air have a centrifugal Force, (that is, that they re- 
pel each other from their reſpective Centers) is 
provd from its Denfiry being equal to irs Com- 
preſſion ; and from this Principle may be explain'd 
the Reaſon why the Air in Water takes up more 
Space when in Bubbles, than whilſt it is inviſibly 
diſpers'd, and, as it were, diſſolv'd in Water. For 
when ſeveral Particles of Air are got together in the 
Form of a Bubble, their Centrifugal Force exerts 
its ſelf, ſo as to make them recede farther from each 
other than they would do if there were Particles of 
Water between them; which, by their AttraQion, 
bring the Particles of Air nearer together than their 
repelling Force would otherwiſe allow: So that if 
for Example, 20 Particles of Air form a Bubble, 
there will be ſo much interſpers'd Vacuity between 
them, that the Space taken up in the Water by that 
Bubble will be much greater than the Sum of the 
Spaces of the ſaid 20 Particles, when they are 
diſpers'd and inviſible in the Water. To make this 
plainer, let us ſuppoſe ABC (Fig. 118.) to be 
three Particles of Air, the neareſt to each other that 
their repelling Force will allow of when there is no- 
thing between them; 38 if two Particles of Wa- 
4 ter 
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ter d e (Fg. 119) capable of attracting Particles of 
Air, get between the ſaid Particles, they will, by 
their Attraction, bring A B and C ſo near together, 
as to be in the Poſition of Fig. 120; the Particles of 
Water in this Caſe acting counter to, and diminiſh- 
ing ſome of the Air's repelling Force. But if the 
Particles of Water d e be remov'd, the Particles of 
Air will be reſtor'd to all their repelling Force, and 
they will recede from each other as far as ABC 
. (Fig. 118.) as they did before. Further, Let the 
Fig. 121. repreſent ſome of the Particles of Air 
which make up a Bubble in Water or in Ice; if 
there be not room hetween the Particles of Air 1, 
2, 3, 4, 5, 6, for Particles of Water to get into 
this Spherule of Air towards its middle Particle 7, 
then that middle Particle and the other round about 
will repel each other ſo ſtrongly, as to leave pretty 
large Vacuities interſpers d as J, m, u, o, p, 9; but if 
Particles of Water can inſinuate themſelves between 
the Particles of Air, ſo as to get into the middle of 
the void Spaces, J, n, &c. all the Particles of Air 
will be brought nearer together, and take up leſs 
room than before, as in Eg. 122. where 1, 2, 3, Cc. 
repreſent the Particles of Air, as before, and the 
Black Circles, thoſe of Water. Now if the Parti- 
cles of Water get from between thoſe of Air, the 
Particles of Air will again repel each other with 
their full Force, and ſo make a larger Bubble. Be- 
fides a large Bubble of Air is leſs preſs d in Proportion 
to its Bulk than a ſmall one; becauſe the Preſſure of 
the Water upon it is always as its Surface; whereas 
the expanſive Force of the Air is as the ſolid Con- 
' tents of each Bubble; which encreaſes as the Cube of 
the Diameter of the Bubble, whilſt the Surface 
encreaſe only as the Square of the ſaid Diameter. This 
apply d to the Facts which the Author relates in his 
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Account of the Experiments of freezing Water, wil 
account for the Dilatation or ſtrong Rarefaction 

the Air in the freezing Water, which happens when 
the Particles of Air can better come art each other, 
as thoſe Particles that are purely aqueous become 
fix d; for Cold, that in all other Caſes condenſes 
the Air, could never rarity it here. | 


That there is ſuch a Principle in Nature as Repulſion, 
without Contact of the Particles of Mutter, is cer- 
tain from Phenomena ;, tho the Cauſe of it cannot 
yet be n d. 


Page 11. To explain the Reaſon of this Viſcouſ- 
neſs, c.] This Viſcouſneſs may rather be call'd 
an Attraction of Coheſion, by which the Parts of Bo- 
dies cohere ſtrongly in Contact, but act but very li 
tle upon one another at à ſenſible Diſtance ; for ſeve- 
ral Experiments confirm that Property in Nature; as 
that of a Drop of Oil of Oranges moving between 
two Glaſs Planes, and advancing ſwiftly as it comes 
nearer to the touching Ends, (ſee Philoſ. Tranſa@. 
Numb. 332.) ; that of Water riling of it ſelf between 
two Glaſs Planes, and in Capillary Tubes; and ſe- 
yeral others, too long to mention. I ſhall only rake 
Notice of one Proof more, becauſe I don't know 
that any Body yet has obſeryd ir. The 123d Fig, 


repreſents a broken piece of an hollow Cylinder of 


Glaſs, which was an Air-Pump Receiver: H I is a 
Crack in the Glaſs, of which only the part H B is 
viſible, till, by pulling the Ends K and F, you open 
it farther ; as for Example, to I. Now if an Eye 
plac'd at E, endeavours to ſee an Object at C, when 
the crack d Part A is interpos d, it will not ſee the 
Object, becauſe the Rays coming from C to the 
lower Lip of the Crack H I, juſt under A, are by 
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that Surface of Glaſs reflected to G, and ſo does not 
come to the Eye; vrhilſt the Rays that come from 
R, and fall upon A, are reflected to the Eye, and 
enter it; ſo that it ſees only the Crack in the Glaſs, 
inſtead of the ſmall Object at C. But if the Eye 
looks at an Object plac'd at D, it will ſee it as 
plain as if there was no Crack in the Glaſs, not- 
withſtanding the Part B of the Crack is interpos'd 
as much as the Part A was before : So. that the 
Rays from D go directly to the Eye at E, without 
being reflected downwards to F, as in the former 
Caſe ; neither are the Rays coming from r, to the 
Crack at B, reflected by it to the Eye, but they 
son to F. If whilſt every thing elſe remains as 
ore, you pull K and F to open the Crack farther, 
than it was viſible before, 1 B will be reflected to 
the Eye, DB to F, the Object D will diſappear, 
and only the Crack be ſeen at B; for now the Rays 
of Light, which, when they came to B, were at- 
trated by the Surface of the loweſt Part of the 
crack d Glaſs (and therefore went ſtrait on to F) 
do not come near enough to that Surface, to he 
within the Power of its Attraction; and the Caſe be- 
comes the ſame as when A was the Point of Inci- 
dence 4 but if you let go the Ends K F, the Lips of 
the Crack will come ſo near together, that the Ray 
7 B will be attracted by the lower Part of the Glaſs, 
as before, and paſs on to F, whilſt the Ray DB 
paſſes on to the Eye, and the Object at D is. again 
ſeen, whilſt the Crack at B diſappears. It may 
therefore be concluded, that the nearneſs of the 
Particles, and not rhe hook'd Figure, is concern'd in 
this ſort of Cohæſion. Nay, there are ſome Parti- 
cles of Matter that may have an attractive Faculty 
on one Side, and a repulſive on the other; as ma 
be gather'd from a Conſideratiom of the Fits of eaſy 
pl” 2 Reflection, 
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of Light, according as it offers different Sides to the 
Refracting Body. See Sir Iſaac Newton's Oprics, 
laft Edition. Page C. 1 

Pag. 37. I ir very probable that the Moon, Nc. 
This Con jectute implies a Plenun, or that our 
Atmoſphere reaches beyond the Moon; both which 
Suppofitions are falſe. But there may be a Wind 
or Current of Air from the Poles towards the Equa- 
tor when the Moon is New (as alſo when it is Full 
becauſe as the joint Attraction (or Gravitation) of 
the Sun and Moon raiſe a Tide in the Ocean at the 
New ind Full Moon, they muſt alfo raiſe one in 
the Air, which therefore will flow in from the Polar 
Regions. And this will anſwer our Author's Phz- 
nomenon, tho' he has miſtaken the\Nauſe. * ; 
Pag. 74. The whole Quantity of Water that 
riſes, 80 Tho in dipping a ſmall Tube in Water, 
the Quantity that riſes of it ſelf may be no more 
than a large Drop; yet a far greater, nay, an im- 
menſe Quantity of Water will be ſuſtain d above the 
Level of the other Water by the Attraction of Co- 
hæſion, by means of a Capillary Tube. For if 
there be a Funnel, as ABC (Fig. 124.) full of Wa- 
ter, and whoſe wide End ſtands in a Veſſel of Wa- 
ter, as B C, and the Top of the Funnel A ends in a 
Capillary Tube open at A, the whole Water will be 
ſuſtain'd ; the Pillar Aa by the Attraction of the Circle 
of Glaſs within the Tube immediately above it, and 
all the reſt of the Pillars of Water as E,, D d, Ee,Gg, 
c. in ſome meaſure, by the Attraction of the Parts | 
of the Glaſs above them, as F DEG; and that the [ 
ſmall Pillars or Threads of Water D d, and Ee, do | 
not ſlide down to F f, and ſo go quite down, ſeems 8 
to be owing to their Cohæſion with the Pillar A 4, 
which is ſuſtain'd by the Capillary Tube A; for if 
3 © you 
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you break off the {aid Tube at DE, the whole Wa- 
ter will preſently fink down. But I ſhall fay no 
more of this Matter, becauſe I would not anticipate 
what is expected from Dr. Jurin, an ingenious 
Member of the Royal Society, who is now purſuing 
this Enquiry, and from whom I firſt had that Ex- 
periment of the Funnel. 2 : 
That Air has nothing to do in this Caſe, appears 
by making the Experiments in Vacuo, where Water 
will ſpontaneouſly riſe in ſmall Tubes; and the Wa- 
ter ſuſtain'd in a Funnel or widening Tube, which 
ends in a Capillary one, will continue to be ſuſtain'd 
when all the Air is drawn out of the Receiver, pro- 
vided that that Water was well purg' d of Air before 
faid Funnel or Tube was fill'd with it. of 
That Mercury does not riſe in, but is rather de- 
preſs'd by a ſmall Tube thruſt into it, is owing to 
this, vis. That the Parts of the Mercury attract 
each other more than the Glaſs attracts them; and 
ſo the Mercury in the Veſſel attracts back that Mer- 
ny which ſhould hang in the — Tube; for 
in ſome Caſes Mercury will be ſuſpended even by 
Glaſs, 'as in the Gauge of the Air-Pump, where 
Mr. Boyle firſt obſerv'd that the Mercury would hang 
at 40 or 50 Inches, &c. and ſeveral have made ſuch 
kind of Experiments fince. This is further prov'd 
by preſſing down to the flat Bottom of a Glaſs Diſh 
full of Mercury a ſtrait piece of Iron Wire of about :3 
of an Inch thick, which will remain at Bottom, tho 
it be ſpecifically lighter than Mercury; for the Mer- 
cury which ſhould get under it to buoy it up, (being 
more attracted by the other Mercury than by the 
Iron Wire and the Bottom of the Glaſs Diſh) is hin- 
der'd from ſo doing, as may appear by looking up- 
wards at the ſaid Wire through the Bottom of the 
Diſh, where you will ſee almoſt the whole Wang 
n ä Fd 
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of the Wire cloſe to the Bottom, without any Mer- 


cury betwixt it and the Glaſs, But if inſtead of Iron, 
you uſe a Silver Wire of the ſame, bigneſs, the Mer- 
cury being more attracted by the Silver, will imme- 


diately get under and buoy it up ; neither can you 


then ſee the Wire thro' the Bottom of the Diſh, 

tho' you keep it down with your Finger. Yet if the 

Silver Wire be foul or ſmoak'd, it will be kept 

down like the Iron, becauſe the Foulneſs about it 

keeps the Mercury fo far off from the Silver, as to 

- = of the Power of the Attraction of Co- 
æſion. 


If Cohæſion was owing to hook'd Particles, as 
our Author ſuppoſes with the Carteſiant, there muſt 
be ſecond Hooks to hold the firſt, and third Hooks 


to hold the ſecond, and fo on in inſinitun, which 
is a very unphiloſophical Suppoſition. 


Pag. 92. Tou muſt weigh it in Water, &c.] To 


be very exact, the String by which you ſuſpend any 
thing in Water, ought to be a Horſe- Hair, becauſe 
that is of the ſame ſpecifick Gravity with Water. 
But the beſt Machine for thoſe Experiments is the 


Hydroſtratical Balance, invented by the late inge- 


nious Mr. Francis Hawkſbee, F R S. and deſcrib'd in 
Dr. Harris's Lexicon Jechnicum, Pt. 2. 

P. 92. Specifick Gravity of Gold, &c.] The Spe- 
cifick Gravity of fine Gold without Allay, 1s to that 
of Water as 19 to 1. | 


P. 96. A great Heap of Spunges, &c.] See the 


Annotations to Page 4. 

P. 111. Thoſe that go 7 or 8 Foot under Wa- 
ter, &c.] Thoſe that go undet Water in the Diving 
Bell ( ſee Phil. Trans. Numb. 349) may go down. 
100 Foot under Water without feeling any Preſſure, 
becauſe the Air in the Bell being condens'd in pro- 
portion to the increas'd Preſſure of the — 

| reat 
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breath'd by. the Diver in the Bell ; and therefore get- 
ting into all the Cavities of his Body, enables him 
to ſuſtain this additional Preflure, as much as breath- 
ing the common Air makes us ſuſtain the uſual Pref: 
ſure of the Atmoſphere ; which, when the Mercury 
ſtands at 30 Inches, is above 32000Pounds upon a Man 
of a middle Stature. But if a Diver without a Bell 
went down 20 or 30 Fathom under Water, he would 
ſuffer ſo much from the great Preſſure, as hardly to 
come up alive, tho he ſhould go down in the Cop- 
per or Braſs Diving Engines, which communicate 
with the ſuperior Air, becauſe the Arms and Legs 
are only cover'd with Leather. ny” 
P. 116. 4 Rocket riſes by the Impulſe of the 
Flame againſt the Air, &c.] The Author here 
miſtakes the Reaſon: of the Riſe of a Rocket, which 
is no way owing to the Air's Reſiſtance ; for, firſt, 
if we ſuppoſe the Air's Reſiſtance equal to the Im- 
pulſe of the Flame, it will be as- if the Rocket had 
no Vent; and therefore in that, Caſe, it muſt either 
burſt, or remain immoveable. If the Impulſe be 
eater, the. Air's Reaction againſt the Flame coming 
ownwards, cannot impell the Rocker upwards, un- 
leſs the Flame ſhould be a folid Body. Laſtly, if 
the Impulſe be leſs than the Force of the Air, no 
Flame can come our of the Rocket. To underſtand | 
the true Reaſon of the Riſe of a Rocker, we muſt 
firſt conſider it as if it had no Vent at the Choak or 
Mouth A (Fig. 125) and was ſet on Fire in the conic 
Space bcd; the Conſequence of which would be, 
either that the Rocket would burſt in the weakeſt 
Place, or that if all Parts of ir were equally ſtrong, 
and. able to ſuſtain the Impulſe of Flame of the 
Powder, the Rocket would remain immoveable. 
Now as the Force of the Flame is equal every way, 
let us ſuppoſe its Adion towards A and towards E 
to 
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to be able to lift 40 Pounds; but as the Directions 
of thoſe Forces are equal and contrary, they will 
deſtroy each other's Action: Then if you imagine 
the Rocket open'd at A, the Action of the Flame 
downwards is taken quite away, and there remains 
a Force equal to 40 Pounds acting upwards in 
the Direction A c E, which carries up the 
Rocket with its Stick F G. This will appear 
by obſerving that when the Compoſition of the 
Rocket is very weak (fo as not to give an Impulſe 
greater than the Weight of the Rocket and Stick,) 
it will not riſe ; if the Compoſition be only flow, the 
Rocket will not riſe at firſt, whilſt the Action of the. 
Flame upwards is only againſt c, the Vertex of the 
hollow Cone; but when the Compoſition is con- 
ſum'd as far as h i, the Flame acting upwards againſt 
a greater Surface, namely, againſt þ 7, the Rocket 
will then riſe up. The Uſeof the Stick is to. keep * 
it perpendicular; for if the Rocket ſhould begin to 
tumble,moving round the Point A (which is the com- 
mon Center of Gravity of the Rocket and Stick) 
the End G of the Stick F G would beat ſo much 
Air, and with ſuch Velocity, upon account of its 
Diſtance from A, that the Reaction of the Air, by 
Reſiſtance, muſt reſtore the Stick, and conſequently 
the Rocket to a-perpendicular Poſition; bur when 
the Compoſition within the Rocker is quite conſum'd; 
and the Impulſe upwards is ceasd, the common 
Center of Gravity will be brought down to F, the [ 
Velocity of G diminiſh'd, and that of E incteas d; [f 
ſo that the Rocket will tumble over, and fall with 
the End E downwards. All the while that a Rocket [| 
burns, the common Center of Gravity is getting down- 
wards, the faſter and the lower, the lighter the Stick 
is; ſo that ſometimes it tumbles over before it is 
burn'd out; but when the Stick being heavier, the 
| Weight 
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Weight of the Rocket bears a leſs Proportion t6 
that of the Stick, the common Center of Gravity 
will not get ſo low, and the Rocket will riſe ſtrait, 
tho not 1o faſt. T9 | 
The Mean between theſe muſt be found by poiſing 
the Rocket and Stick acroſs your Finger : If you 
would uſe a light Stick, poiſe ſo as to have the Cen- 
ter of Gravity juſt at A, the Mouth of the Rocket; 
and for a heavy Stick, let not the Center of Gravity 
be lower than 5 or 6 Inches off from the Mouth. 
Pap. 129. Air is 75% times rarer than Ma- 
ter, &c.] The Denſity of Water to that of Air, is 
found to be betwixt 800 and 9oo to 1, by com- 
paring ſeveral Experiments together. 
P. 133. The Paris Muid, c.] Tho' I have gi- 
ven the Word Barrel to expreſs the Mid, every 
where but in the Practical Rules for Jets; yet ſince 
it comes ſo near to our Hag /head, I would have the 
Reader call it every where Hog ſhead. | 
P. 153. The Length of the Thread, &c.] By 
comparing the Engliſß and French Meaſures toge- 
ther, as I have given their Proportions before the 
Preface, it appears that the Length of a Pendulum, 
Engliſh Meaſure, is 39 Inches, and two Tenth Parts 
of an Inch. | 
P. 154. In the Countries near the Equator, &c. | 
Tho” the centrifugal Force of thoſe Parts of the 
Earth near the Equator takes off from the Gravity 
of Bodies in the Torrid Zone ; yet that Cauſe is not 
ſufficient to anſwer for the ſhortning of Pendulums 
in the Proportion above-mention'd. But if another 
Cauſe be taken in, namely, that the Earth is highet 
at the Equator than at the Poles, by about 17 Miles, 
thoſe rwo together will anſwer for the Diminution 
of Gravity, as we come nearer to the Equator. 
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Pag. 225: The Velocity of the Water is ſtopp d b 
the Eriftion, &c. | Our Author does 200 allo 
enough fob the Decreaſe of the Velocity of Water 
running thro a long ConduQ-Pipe, For if the 
Height of a Reſervoir be ſuch, that thro? a Hole of 
1 Inch and { it ought to give 90 Ton of Water in 
an Hour; which, according to Monſieur Marriot?'s 
Experiments, it muſt do, if the Water of the Re- 
ſervoir be about 100 Foot above the Hole, and the 
Conduct big enough; yet at the Diſtance of 1400 
Yards, thro* a Pipe of the Bore of the Hole all the 
way, it will not give ab6ve 5 Ton in an Hour. The 
Experiment of this was tried at the Right Honourable 
the Earl of Caernarvon s, by Mr. J. Lowthorp (M. A. 
F. R. S.) and my ſelf; and the ſame ingenious Gen- 
tleman aſſures me, that he has often tried it, and 
found ſuch a Deficiency; but what is moſt ſur- 
prizing in the Experiments of this Nature which he 
has made, is, that the Quantity of Water diminiſhes 
rather in Proportion to the Length that it runs, than 
to the Friction againſt the Sides of the Pipe; for if 
a ſeven Inch Pipe and a three Inch Pipe run the ſame 
Length, as for Example a Mile, the Deficiency will 
not be directly in Proportion to the Diameter, as it 
ought to be on account of the Friction, but nearly 
in Proportion to the Quantity of Water that each 
Pipe ought to give. = 
Page 266 A Table of the Expence, &c. | Tho' 
this Table differs from that of Page 174, in having 
the Reſervorr only 12 inſtead of 13 Foot high above 
the Ajutage, and ſeems likewiſe to Aifler from 
what he intended by what he ſays before; yet as 
the Difference is not great, and he makes his Cal- 
culation afterwards according to that Height, I 
thought proper to leave it as I found it in the Dutch 
Edition, rather than to alter all the Numbers, 
U Page 


©; A Treatiſe, &e. 
Page 269and 201. Take a Ball of Lead, &c.] The 
Ball of Lead ought fo be thrown up with the 
fame Velocity as the Ball of Wood, which it 
cannot have, unleſs it be thrown with a Force as 


much greater as its ſpecific Gravity is greater than 
that of the Word, 


N. B. A full Account of the Reaſon of the Water's 
riſing in, and being ſuſlain d by { mall Tubes, has 
been lately given in one of the Philoſophical Tranſ- 
ations by Dr. James Turin, F. R. S. where he has con- 
Em d what be aſſerts 5 a great many very curious 
Experiments. See Phil, Tranſ. Numb. 355. 
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1. Ty ſico- Mechanical Lectures, or an Account of what is 
Explain'd and Demonſtrated in the Courſe of Mechani- 
cal and Experimental Philoſophy. Given by J. T. Deſagutiers, 
M. A. F. R. S. Wherein the Principles of Mechanics, Hydro- 
ſtarics and Optics, are demonſtrated and explain by a great 
Number of Experiments. Deſign'd for the Uſe of all ſuch 
as have ſeen, or may fee Courſes of Experimental Phi- 
loſophy. | 

2. Sir Iſaac Newton's Mathematick Philoſophy more caſi 
demonſtrated ; with Dr. Halleys Account of Comets Illuſtrated, 
Being Forty Lectures, Read in the Publick Schools at Cam- 
bridge. By William Whiſton, M. A. Mr. Lucas's, Profeſſor of 
the Mathematicks in that Univerſity. For the Uſe of the 
Students there, In this Engliſh Edition, the whole is cor- 
rected and improv'd by the Author. 

3. The Elements of Euclid, with ſele& Theorems out of 
Archimedes, By the Learned Andrew Tacquet. 'To which are 
added, Practical Corollaries, ſhewing the Uſes of many of the 
Propoſitions. The whole abridg'd, and in this Third Edition 
publiſh'd in Engliſh. | 3 

4. Aſtronomical Lectures read in the Publick Schools at 
Cambridge, Whereunto is added, a Collection of Aſtronomi- 
cal Tables; being thoſe of Mr. Hamſteed, corrected; Dr. Hal- 


ley, Monſieur Caſſini, and Mr. Street, For the Uſe of young 


Students in the Univerſity. And now done into Engliſh. 

5. An Account of à Surprizing Meteor ſeen in the Air, 
March 171, at Night. Containing, 1. A Deſcription of this 
Meteor, from the Author's own Obſervations, , 2. Some 
Hiſtorical Accounts of the like Meteors before ; with Extracts 
from ſuch Letters and Accounts of this, as the Author has re- 
ceivd. 3. The principal Phænomena of this Meteor. 4. 
Conjectures for their Solution. 5. Reaſons why our Solutions 


are ſo imperfect. 6. Inferences and Obſervations from the 
Premiſes. The Second Edition. 
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6. The Religious Philoſopher: Or, The right Uſe of Con- 
templating the Works of the Creator. 1. In the wonderful 
Structure of Animal Bod ies, and in particular Man. 2. In the 
no leſs wonderful and wiſe Formation of the Elements, and 
their various Effects upon Animal and Vegetable Bodies. And, 
3. In the moſt amazing Structure of the Heavens, with all 
its Furniture. Defign'd for the Conviction of Atheiſts and In- 
fidels. Throughout which, all the late Diſcoveries in Anatomy, 


Philoſophy and Aſtronomy ; together with the various Expe- 


riments made uſe of to illuſtrate the ſame, are moſt copiouſly 
hand led by that Learned Mathematician Dr. NMieuwentyt. Tran- 
ſlated from the Original, by John Chamberlayne, Eſq; F. R. S. 
To which is prefix d a Letter to the Tranſlator, by the Reve- 
rend 7. T. Deſaguliers, M. A. F. R. S. Adorn'd with Cuts. 

The Conſtruction of Maps and Globes. In Two Parts. 
Firſt, contains the various Ways of Projecting Maps, exhibi- 
ted in fifteen different Methods, with their Uſes. Second 
treats of making divers ſorts of Globes, both as to the Geo- 
metrical and Mechanical Work. Illuſtrated with eighteen 
Copper Plates. To which is added an Appendix, wherein the 
preſent State of Geography is conſider'd. Being a ſeaſonable 
Enquiry into Maps, Books of Geography and Travel. Inter- 
mix d with ſome neceſſary Cautions, Helps and Directions for 
future Map-makers, Geographers, and Travellexs. 

Clavis U ure : Or, A Key to Intereſt both Simple and Com- 
pound. Containing Practical Rules, plainly expreſs'd in 
Words at Length; whereby all the various Caſes of Intereſt, 
and Annuities, or Leaſes either in Poſſeſſion, or Reverſion, 
and purchaſing Freehold Eſtates, c. may very eaſily be re- 
folv'd, both by the Pen and a ſmall Table of Logarithms, 
Hereunto annex d; for all Rates of Intereſt and Times of Pay- 


ments whatſoever, illuſtrated by Variety of Examples. To 


which is added Rules to be obſerv'd in eſtimating the Value of 
Annuities, or Leaſes, and Inſurances for Lives, c. Alſo, The 
Bufineſs of Debate or Diſcompr, and the Equation of Pay- 
ments (very uſeful for Merchants and other Dealers) is here 
rectify d and, truly determin d. By J. Ward. 
9. Analyſis Æquationum univerſalis, cui etiam annexum eſt, 
de ſpatio reali ſeu ente infinito conamen Mathematico Meta- 
phyſicum. Authore Joſepho Ralphſon, A. M. & Reg. Soc. 
Socio. | "I „ 
10. Demonſtatio de Deo, ſive Methodus ad Cognitionem Dei 
naturalem Brevis ac demonſtrativa. Cui accedunt Epiſtolæ 
quædam Miſcellaneæ de animæ natura & Immortalitatæ, de 


veritate Religionis Chriſtianz, De Univerſo, &c. 


